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Divided into two Books : | 


The Firſt ſhewing the menſuration of Right lined Trian les, RT, 
the ſecond of Sphericall , wich the grounds a {5 ©)" MR 
_ -- demonſtr:tions thereof, , | 


\ Both performed by that late and excellent invention of - 
LoGarxitHmt s,aftera more cafic and compendious 
. manner , then hath been formerly taught. 


Whereunto is annexed ( chiefly for the uſe of Seamen,) A T reatiſe 
of the application thereof in the three principal kindes of ſayling. | 


With:exa& Tables of the Suzs Declination , newly calculated: 
and Tables of the right Aſcenſion and Declination of ſome 
eminent Fixed Stars,with the true times of their coming 

the Meridian, at 4, 12, and 8 of the clock; 
fitted for the preſent Seaſon, and may 
-f ſerve for many years without .; 
"vb 11A any alteration. . 


j Alſo ether neceſſary Tables uſed in NAVIGATION. 
' By R1cxa RD NorwooD, Reader of the Mathematicks. 
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O THE READER. 


Ow neceſſary, and of what excellent uſe the Dotriue 
£31 of Triangles zr, i» Aſtronomy,Geographie, Na- 
PRI - vigation, Fortification;and other parts of Archite- 
al Rure,in all thekinds of PeripeRive,inDyalling, & 
[ED || 5» the prattiſe of other parts of the Mathematicks : 
L || 22 ſo much the better kyown wnto every man, by how 
Tax mach he hath been more exerciſed in theſe Arts. For 
S| which cauſe there hath been for many former ages, 
i 1#ch time and diligence beſtowed by moſt induſtrious 
and learned men, to reduce it to as great perfettion as 
they could; and much bath been done to this purpoſe of 
late yees. But all that hath been done theſe many hundred yeers, is not comparable ts 
 tbat which hath been effefted in our times, by the Henorable Lord John Nepair Ba- 
ron of Marchiſton : who by an invention of Logarithmes, takes away thoſe difficul- 
ties that were in the prattiſe thereof. which invention hath been illuſtrated and much 
perfetted by the labours of 21. Henry Brigs. Neithr is CM. Edward Wright to be 
forgotten, though his endevonrs were ſqoneſt prevented. And theſe were the firſt that 
communicated their labours on this ſubjett tothe world , being men, as of ſingular 
piety and integrity of life ; ſoof that excellent knowledge in the Mathematicks , as 
few ger afford the like. Of the conſtruttion and divers application of Logarithmes, 
Ar.Brigs hath written a Bock.called Arithmetica Logarithmica. And ſince again 
began another excellent work, of like nature , entituled , Trigonometria Britanica. 
1 have osely ſeen (inthe hands of a friend of his) a printed Copie of ſo much as hee. 
had done, namely, the T ables, aud ſome part of the T reatiſe, touching the conſtrulti- 
on of thoſe T ables: but whileſt hee was in handwith the ref, hee « vader this life... 
Wherefare having my ſelf ſome yeers paſt: ( but eſpecially this laſt winter ) beſtowed 
more then ordinary pains in conforming the DoErine of Triangles, tothe nature of 
Logarithmes »cw #1 #ſe ; and yer ſo , as the rules might likewiſe be applyed to natu-- 
rall Sines, Tangents and Secants ; and ale to inſtrumentall operations : andcons - 
fidering the preſent want of direftions, and of ordinary T ables in this kind , Thave 
thought goed to publiſh theſe. If any mas think. it ſhenld be a binderance to them; 
who bave been at the chargeto Print that which 2dr. Brigs hath begun to write up- 
on this ſubjeft ; he may be pleaſed totake notice, that though we both handle the ſame 
thing,zet it us in ſuch.a different manner that there is ſcarce any one propoſition hand- 
ted by ns both ; beſides his in Latine , mins ;in Engliſh : ſo that though his were” 
finifeed according to his intent and method , the one would little or nathing prej _ 
| 2 7: the. 


= - 1, To the Reader. 
[the ocher. 1 rath:r hipe, as the caſe now ſtands, that this will farther the ſale of hs ; 


 foraſmuch 25 the rules here delivered may very aptly be applyed to his tables, and al- 


1ſt to any other. And they are ſuch ( eſpecially for ſphericall triangles) as I doubt 
n0t will be found mare eaſie for memorie, and more ready for prattiſe, than thoſe that 
have ' e:» formerly uſed. If in ſome things you finJe me too brief, or otherwiſe faulty, 
1 hope you will pardon it, ſo much the rather ; becauſe all this Summer, Whileſt this 
Wark wu printing, 1 was abſent #901 neceſſary occaſions above an hundred miles. 
And to make ſome part of amends, | ſhall { God willing ) be ready to give further ſa- 


risfattion herein, by word of mouth, or otherwiſe to thoſe that defire it. As touching | 


others that axe bent to detrattion, and will be glad to ſnatch at every occaſion for that 
purpoſe; 1 conld wiſh them of a better minde,and to remember that it 1s much eaſier to 
find faults in anothcr mans work than withont the light therof to make the like. [ have 
detratted no man, but have ſreely attributed to them whoſe works 1 have uſed that 


which is due unto th:m ; deſiring ſo to be dealt withall us 1 deal by others. Bat 1 am 


already ſenſible of the unfriendly dealings of ſome, even of our own Countreymen, who 
When theſe tables were printing, and almoſt finiſted, came to the Printing- onſe,and 
not cnely took,a ſufficient view of them there, but carried away a preſident without the 
Printers leave, and have cauſed them to be printed beyond ſea ; the impreſſion, or a 
great part of it being already come over, Jaded I challenge leſſe intereſt in the tables, 
than in any part of the book... for there have been formerly diverſe tables to this perpoſe 
ſet forth, both by our Countreymen and by ſtrangers : notwithſtanding none of them 
have been ordered in this forme before, which I am very willing all ſhowld uſe that 
like it beſt. But to make another impreſſion of he, before any of them be ſold, 
to prejudice the ſale of theſe, and conſequently to endammage thoſe that have been. at 
the charge.to print them : is a manifeſt injury to them and mee. But to let paſſe this, 
it may happily be expetted, that I ſhould have ſhewed the application of the Doctrine 
of Triangles, in the Mathematicall arts before mentioned, &c. But other neceſſary 
occaſions withdrawing me, 1 had rather leave that untouched, than by making an im- 
perfelt application in every of them, heap together many titles with little or .n0.pyofit 
. to the Reader. Yet 1 have been perſwaded to annexe hereunto certain probley 
| ching the three principall kinds of ſayling. Which with the reft I commend to your 
friendly acceptance. Farewell . Tower-hill Anno 1631, Novem. 1. 
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THE DOCTRINE 


” 

; PLAIN TRIANGLES. 
4 CHAP. 1. 

"& of the lines uſed in meaſuring Plain and Spherical! 
F | Triangles. 


E will not infiſt upon the definitions 

| and firſt principles of Geometry, be- 
ing largely handled by many , and 
wherewith every man meanly con- 
verſant in the Mathematicks is ac- 
quainted : but come to thoſe things 
L= RIB which more immediately concern the 
"0 RIES EV2/] Dottrine of Triangles. Which conli- 
Fez hog dereth in.every Triangle fix things; 
AI WE ASEOAN SY! namely, the three ſides, and the three 
; | — angles; and teacheth the analogy & 
; proportionality of theſe fix, in ſuch ſort, that any three of them be- 
I ing known, the other three may by the rule of proportion be diſco- 
Yered. But ſeeing the ſides of a ſphericall triangle are arches of a 
circle, and the angles both of plain and ſphericall triangles are mea- 
ſured by arches of a circle,therefore the _ of all theſe paits 
*. One 
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2 Trigoxometrie. 

one to another cannot be declared, unleſſe theſe: arches be after a 
ſort reduced to right lines ; becauſe the proportions of arches one to 
another, and ofan arch to a right line, is not to this day found out. 
' Theſe arches of a circle are after a ſort reduced to right lines, by 
definins the quantity which the right lines to them applyed have, in 


reſpe& of Radius or the ſemidiameter of the circle. And it is to be 
underſtood, that every arch of a circle is meaſured by degrees, mi- 
nutes, ſeconds, thirds, &c. a degree being ſuch a parc of a circle as 
the whole circumference whether great or little contains 360. A de» 
gree is meaſured by minutes, and every degree is ſuppoſed to .con- 
tain 60 minutes. In like ſort, every minute contains 60 ſeconds, and 
every ſecond 60 thirds, &c. 

And although the meaſure of every arch cannot be exactly ex- 
preſſed by theſe parts, yer it may be ſo neerly expreſſed that all ſen- 


ſible errour in ordinary uſe and application ſhall be avoided, which- 


is eſteemed ſufficient. 
1. The right lines applyed to a circle are Chords, Sines, T angents, and 
| B Secants. | 


2 eA(bordisa right line draws 
- ,D #n4a circle, from one part of the cir- 
i cumferenceto another. Thus CF is 


and C KF, alſo BH the diame- 


BEH, and B KH. 
half the chord of twice that arch. As 


the right fine of the arch CE, alſo 


C Eisthe half of CE. 
Whence firſt it is manifeſt, that the right ſine ofan arch lefle than 

a quadrant, is alſo the right ſine of an arch as much greater than a_. 

quadrant : For as the arch CE is lefle than a quadrant by the arch. 

B C, fo thear ch C K doth as much exceed a quadrant C G, being 

the right ſine to them. both. | | 0 


50 


the Chord of the arches CEF, 

>} ter,is the Chord. of the ſemicircles-. 
42 Therigle Shidff ain iwch ; 2 
C.G being hatfthe chord, CF is-* 
of the arch-C BK: which arch: 
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So that properly the line complement of an arch is the ſine of the 
complement of a leſſer arch unto a quadrant. As the complement of 
the lefſer arch C E, untoa quadrant is the arch C B, the ſine vhere- 
of is C L, wherefore C L is properly ſaid to be the fine of the com- 
plement ofthearch C E. 

Secondly, that the right fine of any arch,jis a line falling from one 
end of that arch perpendicularly upon the diameter drawn to the 
other end of that ar. h. As C Gis perpendicnlar to k E. 

Thirdly,that the right ſine ofthe complement of an arch,is equall 
to that part of che diameter, which lyeth between the right fine of 
that arch and the center. As C L the ſine of the complement o: C 


E, is equall to A G. 


4 Theverſed fine of an arch, ts that part of the Diameter which lyeth 
between the right ſine of that arch, and the circumference. Thus GE is 
the verſed ſine of thearch CE : and G K the verſed fine of the arch. 
CBK. 

5 If untooneend of an arch there be arawn a diameter, and to the other 
end a right line from the center cutting the circle ; and if from the endef 
the dizmeter be raiſed a perpendicular till it concurre with the line cutting 
the cirtle, that perpendicular 15 the tangent of that arch. As D E 'is the 


tangent of the arch CE. 


6 The fereſaid right line cutting the circle, ts the ſecant of that arch. 
Thus AD isthe ſecant ofthe arch C k. 

7 Now to define or expreſſe tn numbers, the qrantity that theſe right 
lines bave in reſ pet of the ſemidiameter of the circle, is the conſtruttion of 
the tables of naturall fines, tangents and ſccants. : 

Thus ſuppoling the ſemidiameter of the circle A E to be 10cccco 
parts,and thearch C E to be ;o degrees, the right fine of that arch 
C G will be 5<<oco parts, the tangent D D 577350 parts, and the 
ſecant A D 1154701 fuch parts. The quanrities of the verſed fines 
and of the chords of arches, are not uſually expreſſed in the tables, 
becauſe they are calily found by the right fines: As the verſed fine of 
the arch C E, namely G E, is found by ſubſtracting the ſine com- 
plement of C E, namely A G, from the ſemidiameter AE: alſo the 
verſed ſine of the arch K B C, is found by adding the fame A G, £0 
the ſemidiameter A K.Alfo the chord of thearch C E F,namely CF, 


_ 4s found, by doubling the ſine of half that arch, namely by doubkng 


B. > EG: 


- 


& 2Fi 

C G. So that in the tables, there are onely expreſſed the Right 
Sines, Tangents and Secants of every arch of a circle not exceeding a 
quadrant. Which how to finde is largely ſhewed by Lansbergins,Pe- + 
Tiſcus, Mr. Henry Briggs, (which I have nor yet read) and by others, 
therefore we paſſe over that. And intending to ſhew the reſolution 
of plain and ſphericall triangles, afrer a more eaſie and compendi- 
ous way, by Logarithmes lately invented by the Honourable Lord 
7chn Nepair, Baron of Marchiſton, and ſince further perfeted by 

| the late learned Mathematician Mr. Henry Briggs, (both of ever 
worthy memory :) we come in the next place to ſpeak ſomething of 
the nature and affections of thoſe numbers wherein 1 ſhall (as oc- 
caſion requireth)follow Mr..Brig gs in his Arithmetica Logarithmica. 


Tr1g0n0metric, 
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CHAP. IT. 


{ 0 likewiſe ©. 1. 2.3. 4. 5. 6. 7. 8. are Logarichmes to the ſame 
numbers, and ſo are 0- 3.6.9.1 15. 18.21. :4. Andſo infinite 0- 


of the nature and affeetions of Logarithmes. Y 
l Ogarithmes are numbers, ſo fitted to proportional numbers, that 
themſelves retain equall differences. ' 
As let there be a ranke of numbers how many ſoever in 
—_ | continuall proportion , namely, r. 
Numb. '] 2. 4.8.16. 32. 64. 128. 256, and | 
proper. Log Og Log brag be as many other das '] 
- o. = c| inany progreſſion arithmeticall,as 4 
2 i . :| 3-5-7-9-I1-13-15-17-19- then for- 1 
4 2) 7 6] aſmuch as theſe later are equidif- 3 
ap” Ry we g\ ferent (for every one differs from : 
16 p Ki 12] his next by 2) therefore they are 4 
oh k i2 15, logarithmes to the former each to Z 
— his correſpondent. As 2 being the % 
y Bs - : 1 f Logarithme of 1; .and 5 of 2: -; 
Fi | / **| 7 isthe Logarjthme of 4, and 9 of 
+ AMET, 73> 24 8: and thelikeisto be underſtood 
of the reſt. | 
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thers might be found, obſerving that where numbers are in like pro- 
portion ; the differences of their Logarithmes muſt be equall. 
And as any of theſe three rowes may te Logarithmes to the firt,{o 
they may be Logarith. to any other numbers in cocinual proportion. 
2 If of four numbers, the firſt exceed the ſecond a5 much a5 the third 
exceeds the fourth * then the ſumme of the firſt and furrth is cquall to the 
ſumme of the ſecond and third, and the contrary. EO | 
AsS8, 5,6, 2, here £ exceeds 5, as much as 6exceeds 2, therefore 
the ſumme of the firſt and fourth, namely of 8 and 2 is equall to the 
ſumme of the ſecond and third, namely of 5 and 6. And.io 9, 18,15 
24, where the ſumme of the extreams is 32, and ſo of the two mid- 
dle ones. Bachetus in Diophantum. | | 
3 If four numbers be proportionall, the Logarithme of the firſt ſubſtra- 
#ed from the ſumme of the Logarithmes of the ſecond and third, leaves the 
Logarithme of the fourth, . , 
As if the proportion be. As 256 to 72: fo 64 to a fourth 
wm fe : o—_ adding 5 _ 6 the Logarithmes of the ſecond and 
third , the lumme is 11, from Abtoure he ith - 
which ſubſtrating 8 the Lo- Pumbers, L ogarith f 


Sarithme of the firſt, the re- 256. ng 

mainder is 3. the Logarithme of © J2 5 

rhe fourth proportionall 8. 64 | 6” 
For ſeeing (by ſuppoſition) ' 11 


the firſt number is in proporti- 8 'Þ 
on to the ſecond, as the third is to the fourth, therefore * (by 


the firſt definition of this ſecond chapter) the Logarithmes of the 


- the firſt and ſecond differ as much as the Logarithmes of the 


third and fourth, therefore (by the ſecond propoſition) the ſumme 
of the Logarithmes of the firſt and feurth, is equall to the ſumme of 
the Logarithmes of the ſecond and third ; therefore if from the ſum 


of the Logarithmes of the ſecond and third,be taken the Logarichme 


of the firſt , there remains the Logarithme of the fourth. _ 
COROLLARY. Hence it 5 evident, that if four aumbers be propur- 
tionall, the ſumme of the Logarithmes of the firſt and fourth, is equall to 
to the ſumme of the Logarithmes of the ſecond and third. eAnd if the (un 
of the Logarithmes of the firſt and fourth, be equall to the ſumme of the 
Logarithmes of the ſecond and third ; then zs the firſt m projertion to the 
ſecond, as the third is to the fourth. Let 


7 Trigonometrie. 

Let the proportion be : 

AS 256 ). o Here the ſumme of the Logarithmes of the 
5 


_ 


to 22 firſt and fourth, namely, 8-3 that is 11, 1s e- 
ſo 6 ;6 quallto the ſumme of the Logarithmes of the 
to 8 2 ſecond and third,namely, of 5-46 that is 11. 

4 If inſtead of ſubſtrafting the foreſaid Logarithme of the firſt, we add 
his complement arithmeticall ro any number-the total abating that number, 
& us much as the remainer would have been. 

Thecomplement arithmericall of one number to another (as here 
wetakeit) is that, which makes that firſt number equall to the 0- 
ther ; thus the complement arithmeticall of 8 to 10 is 2, becauſe 8 
and 2 are 10. And fo the complement arithmeticall of 9,76144 to 
20, ©0000 is 1©,23856, becauſe 10,238 56, and 9,761.44 added toge- 
ther,are20,0c cco. | 

Now then whereas (in the example of the third propoſition be- 
fore going) ſubſtracting 8 from 11, there remained ; ; if in ſtead 
of ſubſtracting 8, we adde his complement arirhmeticall co 10 which 
is 2, the totall is 1 3, from which abating jo, there remains 3 as be- 
fore, and the like is to be underſtood of any other. 

The reaſon is manifeſt, for whereas we ſhonld have abated 8 out 
of 11, we did not onely notabate it,bur added moreover his comple- 


Logar: 


ment to 10 which is 2, wherefore the totall is more than it ſhould- 


be by 8 and 2, that 15 by 1o ; wherefore abating io from it, we have 
the Logarithme deſired. | | 

Which rule although it be generall, yet we ſhall ſeldome have 
occaſion to ule any other complements, than ſuch as:are comple- 
ments of the Logarithmes, given either to 10,0coccco , or to 
20,7 ©0000, as thall hereafter appear in due place. | 

And thus much of Logarithmes in generall, (whereof as is before 
noted, there might be ficted divers kinds, but we intend to uſe one- 
ly that kind which were framed by Mr. Henry Briggs, at the requeſt 
of the Baron of Aarchiſton ; where a cipher is made the Loga- 
rithme of Unite or 1, and an unite with many Ciphers the Loga- 
rithme of 1c, and the reſt firred accordingly : theſe being the beſt 
kind, and the ground of all the beſt tables of Logarithmes hitherto 
put forth by any. 


And of this kind are the tables of this book annexed, which want- 
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: The firſt Booke, 6 
ing leaſure to calculate my ſelf, I conferred together ſuck as were 
formetly extant, and out of tagm have drawn theſe: it is crue that 
the firſt of theſe differs in form from all others, but £ have ordered 
it thus, eſteeming it moſt convenient and ready for ordinary uſe. The 
latter ſheweth che Logarichmes of abſolute numbers &rom ito 10cco, 
and may beuſed for numbers farre greater; the firlt ſheweth the 
Logarithmes of the Sines and Tangents of every degree and minute 
of the Qdadranr, and alſo the Complements. Arithmericall of the 
Logarithme of every Sine which may ſerve as a Table of Secants. 
Which Logarithmes of abſofute numbers, Sines and Tangents, we 
may call Logarithmetical| numbers, Sines and Tangents, or (with 
their firſt Inventour) Arrificiall Sines and Tangents, as being uſed 
for, and-inſtead of the naturatl. * nd thus if you enter the latter of 
theſe Tables with any abſolute number, you finde againſt it his Lo- 
garichme, if you enter the firſt with any number of degrees and 
minutes, you finde againſt it his artificiail ſine and tangent, each 
under his proper title. As entring. the Table with- an arch of 30 
degrees, oo minures. I finde the artificiall ſine thereto anſwering to 
be 9,69897co, and the tangent 9,7614494, which -are the loga- 
rithmes of the nacurall ſine 5ooocco, and of the narurall tangenr, 
577 350. And contrarwiſe a.logarithme being given, you may tinde 
the arch thereto anſwering. 

Of arartificiall ſecants we make little-uſe, but if 3 ou deſire the ar- 
tificiall ſecanc of an arch, ſubſtrac the artificiall ſine of the comple- 
ment of that arch from twice radius, or 20,0c00co f, the. remainer 
's the ſecant required. As if I deſire the {-cant of 2 deg. ;;” : 1 find 
the ſine of his complement to. be 9,965 2480, which iubſtracted from 
2. ,CCCOCoo, there remaines 10,034 752c,the ſecantof 22 deg. 37”: 
the reaſon whereof is evident by the Corollary of the firſt Theo- 
remeof Variety hereafter following, chap. 4. Inſtead of theſe ſecants 
we have ſetin the two laſt columns of the ſecond Table the comple- 
ments arithmeticall of the fines, to every of which if you adde radi- 
us Or 10,0000 co, they become ſecants: theſe being more neceſla- 
ry than the ſecants, and by which the ſecant of any arch is moſt rea- 
dily found ; for if the ſine of an arch be in the firſt column, his ſe- 
cant is in thelaſt, /adding as aforeſaid radius) if the ſine be in the 
ſecond, the ſecant is in the laſt but-one. As if I would have the ſecant 

4 | of 
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of 22 des. 37/,the ſine thereof is in the firſt column,therefore I look 
for the Secant in the laſt, where 1 finde 0247520, to which adding 
I©,0000CCO 0r IC, It 1s 10,0 347520, @& ſecant of 22 deg. 37”. 
5 Of the Charatter of Logarithmes. 
The Character or Characteriſtical note of everyLogarithme in theſe 
cables, is the firſt figure or figures towards the left hand, diſtinguiſh- 


ed from the reſt by a Comma: and it ſheweth of how many places. 


abovethe place of unites, the abſolute number to that logarithme 
belonging doth conſiſt. And thus the character ofthe logarithmes of 


every number leſſe than :o is ©, but the character of the logarithme 


of 10 is 1, and ſo of all other numbers to x00 : bur the charater of 
the logarithme of 1co is 2, and ſo of thereſt ro 1005, and the cha- 
rater of the logarithme of 1600 is 2, and ſo of the reſt co 1c000; 
and ſo forward. Wherefore, by the character of a logarithme you 
may know of how many places the abſolute number anſwering to 
that logarithme doth conſiſt. : 

' 6 To finde readily the complement arithmeticall of a Logarithme. 

The complement arithmericall of a logarithme (as it is moſt uſu- 
ally taken) is the reſidue of that logarithme unto 10,c0000000, As 
the complement arithmeticall of 5,1079054-15 that which makes it 
up 10,c0:0ceo: if therefore 7,1079054 be ſubſtrated from 
10,0cc0cco, the remainer is his complement arithmeticall. 

But to ſubſtra& it readily, begin (contrary to the ordinary courſe) 

with the firſt figure toward the left hand, and write the complement 
or reſidue thereof unto 9, and ſo I do with the reſt, till I come to 


the faſt figure towards the right hand, and thereof I ſet: down the 


reſidue unto 10. Thus for the complement arithmerical of 7,1079054 
I write, for 7 his reſidue unto 9 which is 2; for 1,8 ; for 0,9 ; for 7,2; 
for 9,0; for 0,9; for 5,4; and for 4,6: and ſo I have this number 
2,8920946, which is the complement arirthmeticall of 7,1079054 
unto 10,0000C00. « 


Soif I deſire the complement arithmeticall of 9,965 2480, unto * 


20,00C0Ccco : | write for 9,0 ; for 9 again o.; for 6,3 ; for 5,4; for 

2,7; for 4,5; for 8,2; and the cypher; and ſo I have 0,0:47520; 'and 

before all putting an unite it is 10,0347 520, the complement arith- 
meticall required. | | 

The complements arithmeticall of the artificial ſines are expreſſed 
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-nthe tables; andthe complements arithmeticall of the tangents ate | 


the tangetits of their complements': as wee ſhall further ſhew.here- 
r. | 
mw To finde the Logarithme of 4 number that hath a fraftion annexed ; 
| '- #5 alſoof a proper frattion. | : 
Reduce your number that hath a fraction annexed inito an _ 
per fraQion, and ſubſtrat the logarithme of the detominator from 
the logarithme of the numerator, the remayner is the logarithme of 
the whole number and fraction propoſed. As if 1 deſire the logarith- 
me of 135, Ireduce itints an impro- 
per fraction making it 4*, and find>- Namerator 40. 1,6020600 
ing -the. logarithme of 46 to be Denominator 3. 0,4771212 
1,602.06CO, and the lo arithme of 3 ; SIR. I3 LY I, 1249358 
to be 0,.4771212,] ſubſtra& the later | 
from the former,che remayner is 1,1249388, which is the logarithme 


of 1357 required: 


.. Thereafon is, forthat every' fraction { whether proper or impro- 
per } ſignifies fome part or parts of arinnite, the denominator ſhew- 
ing into how many pattsthe unite is divided, and the numerator 
ſhewing how many of thoſe parts are by that fration ſignified : 
Wherefore, as the denominator is in proportion to the numerator, 
fo is x tothe value of that fration ; therefore ( by the corr: of 3 prop: 

« 2 ) the furnime of the logarithmes of the denominator and of 
the fraction, is equall to the gs. of the logarithimes of the nume- 
titorand of 1 ; but the logarithm of x being o. the logarithme of 
the numerator alone, is equall tothe ſummie of the logarithmes of 
the denominator & of the fraQion.T herefore if from the logarirhme 
of the numerator be ſabſtrated the logarithme of the denomina- 
tor he remayner isthe logarithme- of the fraftion. Thus in the 
foregoing examples. 

| | Logarithmes. 
| As the Denominator 3- 0,4771212 
.. +, £Othe Numerator 40. 1,6020600 


So is 1, 0o,000c060 '_ 
to2?,0r to I 27 1,1249398 


And for the ſame reaſon we may in like manner finde the loga- 
rithme of a proper fraction. Where it isto benoted , tharſeeing the 
logarthme of the unite x, is o, and every proper fraction is leſs than 
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anunite ; therefore the logarithme of every proper fraction. s:leſle 


thano. As if we delirethe logacirame of this proper fration pb 


find the logarithme of its numetator 2 to be 


0,3010300, and of its denominator 3 to be 2- 023010700 
©,4771213, and ſubſtrating the- later from. 3. ©,4771213 
the former , there remaines 0,'176091 3,: for .. 5! 01760913 
the logaricthme of 3 that, is o,' 1760913 Jefle | 17 4 ahh hy h 


than o:; which though it may ſeem ſtrange to ſome, yet being a:thing; 
wellunderſtood by = Skilfull in Arichmetick, _ of no - cadres 
here, I paſſe ic over without further explanation. | EH. 
8. To corrett any number forend int theſe T ables, 1.1 2.0 
by the part proportional. © 1 als et 
T put theſe things here at the. beginning asthe fitteſt place for 
them,not that Ieſteem it neceſſary for young beginners to-havetheny 
all perfectly before they paſle any further, for, for ordinary.occaſi- 
ons the numbers in the Tables may (for the moſt part). ſatisfie with- 
out corre&ion by the part.proportionall ; eſpecially if: in plaine tri- 
angles you reduce the meaſures. of the ſides into their.ſmalleſt pares: 
As if a ſide be given in paces, you may reduce it into feet or:inches, 
(keeping within the compaſle of the Table: ) if. in poles, -you' may: 
reduce it into yards or feet ;, if in miles , you may reduce it into fur- 
tongs, poles or paces.. Or which is moſt eaſie and ready:):you may 
reduce all meaſures 1nto decimall parts , as-into tenths and ſokewb 
parts, puttinig behind the number givena cipher ortwo.. As if aſide 
of a plain triangle be 57 leagues, if we put a cipher behind'; ir: will 
be 570 tenths of a league: if two ciphers , it will be-5700centeſmes 
or hundrerhs of a league ; and ſo forany other meaſures. And the 
queſtion being wroughr,the anſwer will come forth inthe like parts, 
which are eaſily reduced again tointegers with their parts. 7 
As ſuppoſe the ſide ofa plain triangle given be 57 leagues, and 
we defire to fiad one of the other ſides to the hundreth part of a 
league. 1 pur behind ir two ciphers, and ſo it becomes 5700, and 
working as you ſhall hereafter be directed , admit there come forth 
for the {ide required 2475, then Ifay, that the ſide required is 3475 
centeſmes or hundreth parts of a league, that is 3435- leagues, or 34 
leagues and 75 centeſmes of a league, ed Hh Link. 
If there bea fraction annexed ro your number given. As if you 
would reduce 57 3 leagues to centeſmes, I put behind 574awo ciphers, 
| | (thar 


a 


The firſt Booke. It 
(chat is, multiply it by.r00-) -and ſo it becomes'5700 2 alſo I put 
behind the numerator ofthe fraction, namely behind 1 two-ciphers, 
and- ſo. it becomes 100, which, divided by the denominator z, the | 
quotient is 33,: (omitting the fraction) which added to 5700, the 
fumme is 5733: And ſo muchis 57; leagues in centeſmes of a league. 
Ifyouwould have it only in tenthes, you put behind the whole num- 
ber, /and likewiſe behind the numerator of the fraction only one ci- 
pher., and. in all things elſe doas before : Which being eaſie and 
common Iforbear to be large therein. 


: But when more exaQnel e is required,you may attaine to it by the 
X part proportionall;, Mer the form of theſe examplesfollowing; 


bord 3G O85 2 VIC ©! Example T6 72-41 | 2 | Or 
... Letgherebe required the abſolute number anſwering.to this loga- 
rithme 1, 9369826. Looking for this Logarithme- inthe Chiliads, 1 
find not the ſame, but the neareſt leſſe than its; 1,9344984,apainit 
which. 1 fiad;86, which you. may corre& by the part propertionall 
thus. -Lchange.thegharacer;given, making ittobe:2;. and'ſo ir be- 
comes,;4493659826, for this look in'the Chiliads ; butiaot: finding 
! The ſame, I find the neareſt leſſe than itto be '3,9369659;and-apainſt 
2. iftthis abſolute number $649 ; whence it appears, that the number 
anſwering 0. the logarithme propoſed, is-8642;, and ſomething 
more. ; | Ch 00] S018 5” HW; 
-- But if you defire more exaQneſle, as to corre it two places fur. 
: ; Nr CbOra 3-9369659, the neareſt .' + | ” F 
: fefler logarithne from. :3,9370161, the 3,9369826 2 differ." 167 
3 neareſt greater, noting the: difference  3,9369659 * 
which is here, 502: Allo fubfirat the 3,9370161 F differ: 'co2 
bf Ir. 329369659, out of the logarithme -. - er ER 
Siven 3,9369826, noting the difference which is here 167. Then a 
by the rule of proportion, = ory an 
"3 As the greater difference 502, is totheleſler 167: 
'* . » Sois.100 £0.33, (and-ſomewhat more whichwe omit) which put 
' behind 8649 tqwards the right hand,, ſhewes:the Humber required” 


ro be $6}22-., and ſois it-yerified ro 6 places. 

D tes anon id 1 Bm [7 | 

| . Ler there be required the abſolute number anſwering to this [0- 
 garithme 5,9369826.. GH 


# # 
4 * 


Becauſe the charaQer or charaReriſtick- is hive | 5-, therefore the 
2 C 2 ab- 
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abſolute number anſwering to this logarichme muſt confiſt of 6 pla- 
ces : whereas the abſolute numbers in .thefe Chifads confiſt bur of 
four places, therefore changing the character to 3, I looke for 
3,9369826, and finde the neereſt in the Table leſſe than it to he' 

3,9269659, differing from it 167, and againſt 
2,9249826 = it | finde the abſolute ' number 3649, which 1 


2,9369659 


note: and the neereſt greater than the laga- 
3,9370161 


differ. rithme given is 3,9370161 , differing from his 
next before found 502 ; therefore I ſay by the 
rule of proportion, _ : NP 

As the greater difference 502, is to the leffÞ 167:: .. q2? 

So is co to 33, which put behind 8649 towards the right hand, 
ſhews the number anſwering to the logarichme' given to be 8649 ; 3. 
And ſo may you finde any number not exceeding 6 places, anſwering 
ro any logarithme propoſed: = LL Wu; 

I6-tnejtherof theſe examples you: defireir but to'pplaces , then 
for thothund 1amber-in the rake of praportion (which 'i$ here +6 
pur ro, and ſo the quotienc will:come outin one figure , which"Þptt 
towards the right hand as ak EL DITIES LO 

DI IH ENT. X; 0 [Jo +» 4- Jt + 0:7 2h SEE 

Letit he required to finde the logarithme agfwering to this abfo- 
ſute number $6493 3- | | _ViOT 

1 findein the Chiliad 5'che logarirhme of the firſt foure Rgures 
$649 to be 2,9269659, and beexuſethe number given confifts of 6 
places, the characteriſtick muſt be 5,therefore 5,92696;9 isthe loga- 
rithme of 864900. Bur to finde the part proportionall to be u44ed 
to this logarithme for the 33 remaining: 1 ſubſtraR che logarichme 
of 8649 from the logarithme-of 8650, and find the difference to be 

503 : therefore I ſay by the rule of proportion, | 

As 100 is in proportion to 33: 

So is the difference 502, to 166 fere. o L 

, Which 166 addedito 5,9269659., the ſummeis 5,93 9825 , the 
logarichme of the abſalute number $6497 required. If the ahf6- 
late number confiſt but of «5 places , then for the firft number the 
= of proportion (which here is 100)) put1o, and proceed as be- 

Andalthough in theſe three examples, we have verified but tothe 
fixth place of the abfolure:number ; yer might we by theſe Tables 
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proceed to the ſeventh place , ſeldome erring one whole unite: the 
operation is after the ſame manner , ſave only in ſtead of 100 uſedin 
the rule of proportion we put 10c o. 

And thus much touching the part proportional in the uſe ofthe 
firſt Table of Chiliads. Now for the ſecond Table of Arrtificial Sines 
and Tangents. 


| | Example 4. 

Let there be required the arch anſwering to this artificial tangent 
9, 6197888. 

Looking inthe collumn of tangents , 1 find not exactly the ſame, 
bur the neareſt leflethan it is 9, 6197205 being the tangent of 22 
deg: 377: therefore the arch required is 22 deg. *7/, and ſome part of 
a minute more. Now if you defire to know what part of a minute, 


. namely how many ſeconds it is more,we may find it thus. I findethe 


next greater than the.tangent given tobe 
9, 6200762 , from which ſubſtrating | 9, 61 97888 2 differ. 683 
the next leſſer, namely 9, 61972c5, the 9,6197205 
differences 3557, allo ſubſtratingthis | 9,620c762 T differ. 2557 
leaſt from the tangent given 9,6197888, 
the differences 683: 11ay therefore by the rule of proportion, 
_ Asthe greater difference. 3557, to the lefler 683: 

Sq is 60 ſeconds, fo 13 ſeconds and fomething more. 

Therefore. the arch required , anſwering to this tangent given 
6,61 97882 5. 22 deg; 377,117, and ſome part of a ſecond more ; but 


_ thus itis verified to a ſecond. 


And in like ſort you may deal with any other , whether it be fine 
_—_—__ 7-5-4; 
NES OO 
Let there be required the artificial tangent for thisarch 22 deg: 
377-11”. 1 find in the table the tangent of 22deg: 7to be 9,6197205, 
and the tangent of 2 2 dep: 38/to be 9, 620762, the difference of 
theſe two 1s 3557, for one minute of 60 ſeconds: therefore by the 


As 60 fecondsto 11 feconds: fo the difference 3557, tO 652 ; 


which added to the leſſer 9, 6197205, the ſumme is 9,6197857, the 


artificial tangent of 22 deg: 27%. 11”. And in like ſort yon may find 
the artificial fines or tangents of other arches confiſting of degrees, 


C2. The 
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The generall ruſe and reaſon for all theſe examples may breifly be 
this: ben =: | 

As the difference of any two next logarithmes 1n the tables , is to 
any part of that difference : 

So is the difference of the two numbers to which they belong , to 
the proportional part of that difference ; and the contrary. - 

But becauſe this holds truer in the later part of the Chiliads where 
the numbers are great, than in the former ; therefore we have ſhew- 
ed in the examples, (as occaſion requires) how to bring the num- 
bers propoſed to the later: part of the Chiliads. And thus much 
rouching the part proportional. -. | 


9. If one number multiply another, the ſumme of their Logarithmes 
75 equall to the Logarithme of their prodatt. y 

As let the two numbers multiplied together | 
be 26 and r5,the produ is 540. I ſay thenthat 36. 1,5563025 
the ſumme of the Logarithmes of 36 and x5, 15. 1,1760913 
is equal to the Logarithme of 540, as here "540. 2, 73 2293S 
you may ſee. | 1 2 8 ARS 

The reaſon is , for that (by the ground of multiplication.) As a 
urnte, is in proportion to the multiplier : ſo isthe multiplicand , to 
the produd : therefore (by the Coral: of the 3. Prop: Chap: 2 ) the 
ſumme of the Logarithmes of unite and of the produQ, is equal to 
the ſumme of the Logarithmes of. the multiplier and multiplicand : 
but the Logarithme of unite is o, therefore the Logarithme of the 
produd alone, is equal to the ſumme of the Logarithmes of the mul- 
ciplier and multiplicand. | 

And bythe like reaſon , if three or more numbers be multiplied 
together , the ſumme of all their Logarithmes is equal to the Loga- 
rithme of the product ofthem all. _ "3-50 2 Sg 


COROLLARY. Jhence it is manifeſt, that the Logarithme of 4 num- 
ber doubled, is the Logarithme of the ſquare of that number : aud the 
Logarithme of a number trebled , is the Logarithme of the cube of the 


ſame number, ec . 


|  Logarithmes. 
Thus the Logarithme of 4 being doubled, is the 4. 0,6020600 


Logarithme of 16, which is the ſquare of 4;-and 16. 1,2041200 


being trebled, it is the logarichme of 64, which is 64. .1,8061$00 
10. if 


the cub of 4; as is here to be ſeen, 


Ws 
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10. If one number divide another , the Logarithme of the diviſor 
ſabſtralted from the Log arithme of the dividend, leaves the 
Logarithme of the quotient. 
Logarithmes. 
As let 540 be divided by 36, the quotient will be 540. 2,7323938 
15- I fay then if the logarithme of 36, be ſub- 236-1,5563025 
ſtracted from the logarithme of 540, there will 75. 1,176091 3 
remainthe logarithme of 15, as is here to be ſeen. | 

For ſeeing the quotient multiplied by the diviſor produceth the di- 
vidend, therefore by the laſt prop: the ſumme of the logarithmes of 
the quotient, and of the diviſor , is equallto the logarithme of the 
dividend : if therefore from the logarithme of the dividend, be ſub- 
ſtrated the logarithme of the diviſor,there remaines the logarithme 
of the quotient. | | 

And dy the like reaſon, if the firſt quotient be divided by a ſecond 
diviſor , and the ſecond quotient by a third diviſor, &c. the ſtimme 
of the logarithmes of all the diviſors,ſubſtra&ed from the logarithme 
of the firſt dividend, leaves the logarithme of the laſt quotient. 

As if 540 be divided by 36, the quotient is r 5, which againe divi- 
ded by 5,thequotient is 3 : I fay then, that if the ſumme of the lo- 
Sarithmes of the diviſors 26 and 5, be ſubſtracted from the loga- 
rithme of the dividend 540, there will remain the logarithme of the 
laſt quotient 3.. " SO. 

CoROL: Hexce it is manifeſt , that the halfe of the logarithm of any 

»umber, the logarithme of the ſquare root of that number: and that 

« thethird part of the logarithme of any number, is the logarithme of the 

cubique root of the ſame number. 


Logarithmes. 


- Thus halfthe logarithme of 64, is the logarithme 64- 1,3c61cco 


: of 8, whichis theſquare root of 64: and the third 8. ©,9030900 


«cri 
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part of the logarithme of 64, is the logarithme of 4 4: 0,6020600 
which is the cubique root of 64, as by this example may be ſeen. 

And thus much for a taſte of the nature and affeions of loga- 
rithmes, ſufficing for our preſent occaſion : he that deſires to be fur- 
ther acquainted with the conſtruction and diverſe applications of 
them, may read Mr.Brige's in his Arithwetica Logarithmicas. 


CHAP, 


Trigonearie. 
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of the foure fundamentall Axiomes , of the Doftrine of plaine 
Traingles, ad of the caſes deduced from them. 


LEM AM A. 


The three eAngles of a right lined Triangle , are equall tatwori 
Apples: Euclid [i 4 Prop: 32. n ? : gi 


{po Angles of a Triangle are 
meaſured as we have ſaid )by 
arches ofa circle,the arch being de- 
ſcribed on the angular point ason a 
center : thus the arch CE is the 
meaſure of the angle at A , ſo that | | 
look how rmany degrees, minutes, | | | 
ſeconds, &c. ate in the arch CE, fo much is the meaſure of the 
angle at A. In like ſort, the arch EG is the meaſure ofthe angleat 
B, and I H the meaſure of the angle BDA : and thele three 
arches CE, FG, and 1TH are 180 degrees, which is the meaſure 
oftwo right angles, ( go degrees being the meaſure of one right 
angle) for theſe three arches C E, F G, and IH, ate equall to the 
ſemicircle HIK L: F G beingequalltoIK, and CE, to KL. 

If therefore a triangle be right angled , one of its acute angles is 
the complement of the other to 90 degrees. | I 

If it be an oblique angled triangle , yet one of his angles ſubſtra- 
Red from two right zngles, (that is from 1 80 degrees) the remayner 
is the ſumme of the other two : or if the ſumme of tivo of its angles 
be ſubſtracted from 180 degrees, the remayner isthe third angle-: :; 
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tn a plaine right angledT riangle, any of the three ſides may be put as R4- 
dirs : and the other ſides will be as Sines, T angents or Secants. 


D "1. 0 


2: # A = 
A Sif AD be Radius , or the ſemidiameter of the cittle, or the 


whole fine, (for by theſe ſeveral names it is called) then D B 
is the ſine of the angleat A, and AB the ſine of the angle at D. 
- If AB be Radius, (as in the, ſecond figure): then D B is the 
tangent,and APD the ſecant of the angleat A. . . 

If D'B be Radius, (as in the third figure) then AB isthetan- 


4 ' gent, and A D the ſecant of theangle at D. | | 
K And what proportion the fide put as Radius, hath unto Radius: -/1 5 + & y '-p 
the ſame proportion hath the other fides, unto the fines , tagents of y.p V/ 5T- See 


ſecants by them repreſented: | | | 
. ASin the third figure, looke what proportion DB hath unto Radius: 
the ſame proportion hath A B, to the tangent- of the angle at D : 
and the ſame hath AD to theſecant of thatangle: and the like is 
to be underſtood of the reſt. | | 
' Andfrom this ground are deduced the corollaries or caſes follow- 
ing for the reſolution of plain rightangled triangles, by three things 
known ſeveral ways. --- . © ty 2 : 
 Andfor diſtinQtion fake , we (call the ſide fubtending the-right 
angle the Hypothenuſat :/ and one of the ſides containing the righe 
angle we call the Baſe; and the other ſide the Perpendicu:ar. Asin 
theſerriangles; the h ypothenufif is'tharked with, AD, the baſe with 
marke them always fo. The right angle is always one of the three 
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18 Trigonometrie. | 
In the examples, ſtands for ſize: t for taugent : ſc. for ſine come 
plement : tc: for tangent complement : ſee: for ſecant. 


"Yo RS | 
The Angles and Baſe given : to findt the Prependicular.. 


| $ let the triangle propoſed be A D B, and let there be given: 
A the baſe A B 768 paces, and the angle at D 67 deg: 2/: 
(then the angleat A isalſo known, being the complement thereof). 
and let there be required the perpendicular D B, then may this. 
pendicular D B be found three ſeveral ways: For, firſt, putting 
AP as radius, it followerh thar” BY 


Asſine the angle at the perpendicular s, D 67 deg: 23/ 9,9652480. 


is. in proportion _ to the baſe: AB 768 paces 2,885 7612 
ſp. is ſine the angleat.the baſe, s; A. 22-37. 9,5849685. 
12,4703297 


in proportion tothe perpendicular, D'B 320 paces; 2,50508 I7 
. Here (according to.the- 3 Prop. Ch. 2) 1 adde the logarithmes of: 
the ſecond and third, and from that ſumme ſubſtrac the logarithme 
of the fitſt, and the remainer which is 2,5050817 is the logarithme- 
of the- fourth ; Wherefore looking in. the Table for the abſoute 
number anſwering thereto, I finde the neareſt to be 320, which is 
the fourth number required. -It is ſomething more than 320, butfor 
brevity, and the eaſe of the learner', I omit the fraction, havins- 
before ſhewed how-to findeir, And if (according to the Fas. 
3 Prop: Chap: 2) in ſtead of ſubſtraRting the.logarithme of the firſt; 
Ladde- his complement. Arith- | 


metical., that. totall abating .s,D'67 deg: 23/ comp:a#0,0347 546 
Radius. is alſo 2,50;0817 as AB 768 paces. 4 2 $9-16v3 
before. .And the work. ſtands. 's,, A- 22-37. , 9,5849685 
in this manner. | D B.3z20 paces: 2 50 50817 


Thus having ſovfciently explained the operation in his firſt ex- 
ample, we' ſhall be” briefer in,thereſt that follow ,. underſtandins: 
he like inthemalſo.. Bo ate 2r oeveewis in pos, 


. r 
o » 8 4 
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The firſt Booke, 19 
2. if we make - A B Radins , the proportion holds thas. 


As Radius, 5 rad: ſ go deg; &0: ar: 

co the baſe: + - AB 768 paces 28853612 
ſo tang: the angle at the baſe, z A. 22-37. 9,6197205 
to the perpendicular : D B. 320 paces. 2,5950817 


Here becauſe the comp: arith: of Radius (which is inthe firſt place) 
t5o, therefore I ſet down in the firſt place only ciphers or nothing. 


| 3. If wemakg DB Radins, then 
botany: cheangloatche Frpene eD 67 deg: 2.2% co:ar: 9 igr26s 


is to-the baſ: AB 768 paces. 2,3885:612 
ſo.is Radius 5 9gO--00, 10 
t0 the perpendicular. D B 320 paces. ' 5050817 


Becauſe the Aruthmeticall complement of a tawgent totwice Radins; or 
20,c000000,' is the tangent of his complement, (as bereajter ſhall be fhew- 
ed ) therefore in the former ex ample we have put for the compl: ment aruth- 
meticall of rang: D, his tangent complement, and ſo abate twice Rad: 
and the like youmay hnayee do when you have a Fapgent 1m the firſt 
place. | 


| ui qi as 1” | 
The Angles and Baſe given: to finde the Hypothennſall, 


Ettherebe given A B 768 paces, and the Angle D 67 deg. 23/ 
| Li han let there be capa the hypothenuſalt A D. 


- D2 | : - A&A 


is in proportion to the bale; - 
ſois the ſecant of the ſame angle, fec. D. 67-23 


20  Trigonometrie. 
'T. Making A D Radius: 


As ſine hegaghtl attheprepen: s D 67 de. 23/ co: ar: © 00247920 


is in proportionto the baſ: AB 768 pac: 2,885 3612, 
ſo is Radius, 5 9O=-CO 6-2 1-8 
ro the hypothenuſal. AD 832 pac: 


. - . almoſt $32 paces. 


2. Making AB Radius. 


As Radius, s ge deg: oo”, co: ar: ©, 

is in proportion to the baſe: A B 768 pac; 2,38853612 
ſo ſecant the angle at the baſ: ſec: A 22--37. 10,0347520 
to the hypothenuſall. | AD $32 pac: 2,9 201132 


How a ſecant.i is found is the Tabte following we have before 


I» Making DB Radius. 
As tang. the angle at the perpen:. * D.67 deg: 23%. c: a: 96197205 
' 1 AB. 768 paces,;. '.2,8853612 


; 10,41 5O3rs5 
AD 832 paces. 2,9201r32 


ſhewed. 


co Gs hypothenuſall. 


Casz 3. 
The Angles with the Hypothenuſall given pol 5-6 


finde the Baſe. | 
Dat: AD 832 paces, D 67 aeg: 234. Reguiend A: B. þ 
1. Jaking A D Radius. ; 
As Radius, s go deg: 007 cv: ar: 0 
ro the bypothenuſall: AD 832 pacr*-'* —m*t.. 33 
ſo line the angle at the prepen: «&- D 67-23. 9,9652480 
to the baſe. AB 768 pac: 2.8853773 


2- HMaking A B Radu. 


As the ſecant ofthe anole A, is unto che h th * AD: fo 
is Radius, tothe bak & W |. PI = 


3- Mas 


2,9201132 


Lo 
* 
4 
_ 
2. 
F-; 
4 
yy 
; 
-% 
F 
v 


Fare 


H 206 i di 
6 4 FE Ls h 


10. I 
#$-<L pry AT 
; TERS 


: "ITY 2 ous” SA Po” 
Py boy - CN Na at ir” $17 - 


. 
, py 
BE gee 


Na DID 


o oY 
' $2 
+ 


The firſt Booke, 21 
3- Making DB Radius. 


As the ſecant of the angle D, is unto the hypothenuſall A D: 


ſo is the tangent of the angle D, to the baſe AB. 


Casn 4. 
The Baſe and Perpendicular given : to finde an Angle. 
Dat: AB 768 paces, D B 320 pac: Required A or D. 
; I Making AB Radigs. 


As the baſe, AB. 768 paces. co: ar: 7,1146388 
in proportion to Radius: s 90 deg: co/.. | - 10, 

ſo is theperpendicular, DB 320 paces. | 2,5051500 
to tang: the angle at the baſe. r A_ 22-37. 9,6197888 

2. Making DB Radings. 

As the perpendicular DB 320 pac: co: ar 7,4948500 
is in proportion to Radius: 796 deft: 0ofs | 7-207 

ſo is the baſe, AB 768 pac: 2,385 3612 © 
to tang. the angle at the perpen. 8 D 67-23. '10,3802112 


Ard thas aretheſe Angles found with leſſe than a minute errour , he that 
deſires exattneſſe, may uſe the wayes we have before ſhewed, Cay. 2, 
Prop. 8, It ſball ſuffice inthe ex amples of this book to ſet down the meaſure 
of arches avd angles i degrees and minutes : as well for brevity , as not 


3 to burthen joung beginners withall at the firſt. 


Cass So 


f The Ballard Perpendicular given : 10 finde the Hypothennſall, 


Dat: AB 768 paces, DB 320. Required A D. 
Firſt, by the fourth Caſe. 


As the perpendicular, DB 320 paces, £0:4r: 7,49485co 
is in proportionto Radius: 5 90-00 | 

ſoisthe baſe, .. - A B 768 paces. 2,885 3612 
to tang, the angle at the a” £ D 67 deg: 2379 jc,3Q02113 


3 | Seconaly, 


[) 
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| | | Secondly, by the ſecend Caſe. 4 
" As ſine the angle at the perpen: sD 67 deg «23%. c0:4r: 6,0347520 ® 
bi is in proportion to the baſe: A B 76B pac: 2,885 3612 = 
i ſo is Radius, 5 90-00 By Wa 
| | to the hypothenuſal!. AD 832 pac: 2,9201132 | 
| C ASE Go VI 
The Baſe ani Hypothenuſall given : tofinde an Angle | 
| | Dat: A B 768 paces, A D 832. paces, Required D. Ex 
| q 1. Making AD Rad. 
| As the hypothenuſall, A D 832 pac: co: ar: 7,0798767 
| is in proportion to Radius: 5 go-0of _ 
8 {o is the baſe, | AB 768 paces. 2,8853612 
l co ſinethe angle at theperpen. s D67 deg. 22. 949652319 
M0! 2. Making AB Radins. 
if by the baſe A B, is in proportion to Radius : 
's 0s the bypothenuſal A D, to the ſecant of the angle at the baſe A. 
{48 d | --Nnc6#- 
ih The Baſe and Hypothenuſall given: to finde the Perpendicular. 
'F" TY \ , Dat: AB 768 paces, AD $32 paces. Required D B. 
| ui Firſt, by the ſixth caſe. ; ; 
"Fl As the hypothenuſall, AD 832 Pac: c: 4: 7,0798767 
ji is in proportion to Radius: s gc-oof 
\ y | ſo is the baſe, AB 768 paces. 3,8353612 
thi, to {ine the angle at the perpen: s D 67deg: 23. 9,96523 
{ 4 F Secondly, by the firſt cafe. S998 
"hh As.Radius, *- . 5. gode: oof. c: a: 0s, 
| 45 in proportion to the baſe: A 768 pac: 2,885 2612 
ſo is tang: the angle at the baſe: #. A 22-37 96197205 
| to the perpendicular. . D.B 320pac: 2,5050817 
i © MF. Brigg's in his Arithmetics Logarithmica C. 19. but in the fe- Þ3 
j cond edit. C. 17. reſolves this caſe morereadilytlhus. ' ''' ” bo 
h : Take the logarithmes of che ſumme and, difference ofthe x bype- Y 


! S 
17 
| 
$ J _ 
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thenuſall ahd ſide given , halfe the the ſumme of thoſe two loga- 
pug ns , 1s the logarithme of the perpendicular or ſide required. 
AS let | 


* 


"I | | Logarithme. 
"A the fide given by 2600 the ſumme-1600 3,2041 200 
the hypothenuſall 832 1 } difference 64 1,8c61800 

ſumme 5,010 2000 

ms the ſide required 320 : ſumme 2,5051500 


T he difference between this log arnhme here found, and that which was 
foung by the former aper ation, ariſeth chiefly by neglefling certaine ſeconds 
1 the angle D , axd conſequ:rntly m the angle A; for the angle A #© in» 
derd 2:2 degs 37) 11”, and ſomewhat more. | 


And thus may right angled triangles be diſtinguiſhed into 7 caſes; 
though the reſolution of all theſe caſes depends upon one rule, which 
is the axiome before put. Pe | 

The three axiomes following are true in all plain triangles, butare 
—_ intended for the oblique angled ; which now we come to 

andle. | | 


JS 


Ax=rowih II. 


Tall plaine triangles, the ſides are in ſuch proportion one 
' toanother ,. as are the ſines of their oppoſite angles, 


| A $ inthetrianghh ADE, es theſide AD #« in proportion to 
E LI ED: /o & the fine of the angle at E. tothe ſine of the angle at *A. 
4 | 


p And ſo of the reſt. 


7; Conſt. e Aboutthe triangle ADE, deſcribe the circle A DEC, by 
2 $.4- Euclid. ) Tit 0 4 
 Demonſt. Then arethe fidesof the triangle AD E.,. as: ſubtendents: 
- or chords in the circle ADE C. So that as . 4 chord of the arch A D, is 
; in proportion to the chord of the arch ED; o is the fide of the triangle A D, 
4; tothe fide ED; (andthe like i; to be underſtood of AE ) But the half 
% chords are ſins" of -balf 'rhe arches ſubrended by thoſe chords , and as - 
Ml --: whole 


(' 
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whale ts to the whole, ſo ts the half to the half : Therefore as the ſine of half 
the arch A D, #.in proportion to the fine of half the arch ED: ſous the 
fide AD, tothe fide ED. But 
balf the arch A D, is the meaſure | 
of the angle at E ; and half the 
arch ED «s the meaſure of the 
angle'at A, (by 20. 2. Euclid) 
therefore as the fine of the angle at 
E, 2s #n propo;tiento the ſine of the 
angle at A ; (oisthe fide AD to | A 
the ſide ED. eAnd the like #5 to 2790 
be underſtood of the fide A E , and , — 
his oppoſite angle at D. There- 
fore in all plaine triangles, SC. | | | Ld 
which was to be proved. . "NE NOR 

eAnd ſeeing as the ſine of B, -—— : 
to the ſine of A: ſois AD to E 1), therefore alſo alternately (by 16. 5. 
"Euclid: ) As the fine of the angle at E, #5 in proportion to A D; ſo #5 the 
ſe of the angle at A tothe fide ED, Xc- Therefore 


| 
7 YON 
Ms m 


* 


Cass B8. 


The Angles of atriangle , with one of the ſides being given: 
to finde any of theother two ſides, 


L = there be given the angle at D 14 
| A, 22 degrees 37. and the A 
angle at E 53 deg: o8/. and the 
fide A D 780paces. | 
Ta let there be required the 
fide 


E D. Then by this Axioye. 4 | 2g. Ter 'E 
As the ſine of an angle, © sE 53 deg: Boy. c: a: -0,0968917 
itto his oppoſite ſide given: A D 78c paces. 2,8920946 
ſois the line of another angle, s A 22-37 955549685 


x0 his oppolite ſide required. ED 375 paces fere: - 2,5739548 


Here it is mot ſull 375 paces, but wants, about 4 inches, (but: 375; 


=” the number in the Table neareſt the. agreemg to the logarithma 


2,5739548 
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The firſt Booke, | 25 
2,5739548 without afraftion, aud I would met trouble beginners with 
frattions at firſt; having ſpoken ſufficiently of them, Chap. 2, SeQt. 7 
and 8. | | 


Casr 9, 
Two fides being given, with an angle oppoſite to one of them: 
t0 finde an angle oppoſite to the other of them, 


' Dat: eAD 780, ED 375, the angle at E 53 deg: ov. 
Required the angle A. 


. hd 


As one of the ſides given, AD 780par:c: a: 7,1079954 
to the ſine of his oppoſite ang: given, sE 53 deg: 08/7. 9,9031083 
ſo isthe other ſide given, E D 375 parts. 2,5740213 


to the iineof his oppoſite angle req: s A 22 deg: 37 6,5850450 
In the uſe of this laſt Caſe, the angle oppoſite to the greateſt ſice being 


- required , it will be ſometimes dowbtfall whether it be acute or obinſe ; for 
-. Ittherriangle A DE, inthe ſcheame of the ſecond Axtomes+ 


eA; ED 375 parts, tos A 22 deg: 37/. 

fo AE 945 parte, tos D1cqdeg: 15/. 

| eAnd in the triangle AEC, 

As EC 375 parts, ts E AC, 22deg: 377. 

ſo AE 945 parts, to s C,75 deg: 45/. 

Fn In either of which the operation ts one and the ſame, and the ſine 
} fond all one, though the angle inthe one exceed a quadrant by 14 deg:1 5's 
.; and inthe other comes as much ſhort : Becauſe every ſine of an arch leſſe .- . = 
| than a quadrant js alſo the ſine of the complement of that arch to 180 deg: 
23 Now this doubt cannot ſometimes be other wiſe cleared , but by delineating 
3 the triangle as exaltly as jou can. 


y-—_ 


» 2 +: Ax1oOm = IEI, 

6 _ Inallplainetriangles, as the ſumme of two ſides , is to their 
5 © difference: jo # the tangent of the half ſumme of their two 
ts | oppoſite angles, tothetangent of the aifference of ether of 
"5 ix Fhem, aboveor nnder the half ſumme, © 


Zit ADE be anoblique triangle, 
E | 


Conſt, 
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' fore (bythecorr: 31. 3. Euclid) the angle HD C is 
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Conſt. Hake AC and AH each equall to AD, 
and draw D H, and parallel thereto draw E G; and 
draw « line from C to D, extending it to G. 

Demonſt. 4nd foraſmuch as AH «equall to AD, 

therefore (by 5. 1. Euclid) the angle A HD 5s equall 

to ADH, andby the like reaſon the angle ACD 
equallto ADC, therefore the whole angle HD C 3s 
equall tobuth theſe angles CHD and HCD; there- 


= 


a right angle. And foraſmuch as E G is parallel to 
H D, therefore ( by 29. 1. Euclid) the angle EG C 
is alſo a right angle, forit is equal H DC, and (by 
the ſame) the angle CE G isequall to CHD, and 
EDHz#DEG. But (by 32. 1. Euchid ) the outward 
angle A HD is equall to the two inward angles H E D 
aud E D H, put A D H common to both: thentheſe two 
angles AHD and ADH, are equall to theſe two 
AED andAD E; thereforeeither of theſe two angles 
AHD and ADH, 3s half the ſumme of theſe two 
angles AED and ADE, therefore alſo the angle 
CE G is half the ſumme of the ſame angles A E D and 
ADE. | I 
Now if to one of the fides of a tniangle there be drawne a parallel, it di- 
vides the other ſides proportionally ( by 2. 6. Euclid) therefore as CH is 
ix: proportion to H E, ſois C D to D G: therefore alſo compeſed ( by 18-5. 


 Euchd) AsCErHE, /ois CGr DG: that ir, 


eAs C E the ſumme of the ſides AE and AD, 
is in proportion to H E their difference: ; 
fo 1s CG the tangent of half the ſumme of the angles A E D and ADE, 
to D G the tangent of the augle D E G, being that which the angle 
AE D comes ſhort of the half jane a HDE # the exceſſe of the 
angle ADE above the half ſnnme. | NT, 
Therefore in all plain triangles , as the ſunome of two fides,us to their dife 
ference ;. ſo, $*C. which was to be proved. x 


Therefore in any plaine obliquetriangle ; 
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Cass, 10, 


Two fades, withtheir contianed angle being given: 
#0 finde the other a " 


| 5, Dat.QAD 156 paces? Differ: 33 
. A 22 dep: :7/ 
7 Requ: D or |; which tegether are 


AE 189 pare) Summe 345 | D 
157 deg: 23/, being the complement 
ef the angle A to 100 deg: oo, by A E 
E As the ſumme of the ſides given;(AE-þ AD) :45parts:c:4:7,4621810 
7 HK in propor: to their difference; (AE-AD) 33 1,5185139 


ſo is che tang: of the half fumme bei E-+D);8 deg:41/4,10,69903 37 


tothe tangent of an angle. :F 25=33x 9,6797280 
Which added to the halffummemakesQ ty ,,,_;. 

the greater of the angles required. 
Or ſubſtracted leaves the leſſer E 53-08 


p Here (AE-+AD) ſignifies AE more AD, or the ſumme of them ad- 


ded together. (AE-AD) AE lefle 4D, or the remayner of A E 
when AD is ſubſtrated *t; ED the tangent of half the ſumme 
of the angles E and D. | 


The angle found we mark with F only for diſtintion ſake; and.the 
like is to be underſtood when we meet with the like notes. 


of TY = 


Two ſides and their contained Angle given: to finde 
the third ſide. | 


Dat. A E 189 paces: AD 156 paces: A 22 deg: 37% 


E 2 As 


; | £ As inthe oblique triangle e LD E. : 
4 | Casn 1, 
' Admit AE to bethe trac baſe, 
I Conſt. Upon the point-D, 
bi and diſtance DF, ( 5 ot 
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i Firſt, by the tenth caſe. . ; 3 
As-the ſumme ofthe ſides given;( AE+ AD ) 345par-cta:7,4621810 |} 


Swe 5 


isin propor: to their CP ( AE-- AD ) 33 parts 1,5185139 by 

it ſois the tangent ofthe half ſumme Q,+17 pL n)-g8de: a7 10.609023rx + 

18 of their two oppoſite angles, $ NP POIong alba : 
| to the tangent of an angle: 8. F 25--333.”" 9,6797180 

Which ſubſtrated from the half E y$5--08 7 

ſum leaves the leſſer ang: required.) bY 

| Secondly, by the eigth caſe. | $ 

As the ſine of the angle found, S E 53 deg: OY/. 6: a:0,0968917 

! is in proportion to his oppoſite ſide: eAD 156 paces 2,1931246 |; 

BY ſo is the ſine ofthe angle given; $ A22 37  9,5849685 

©. ' to this oppolite ſide required. E D 75 paces. 1,87498438 \? 

i  Axiows IIIL. 1:5. 

| 1 | Tn oblique triangles, As the true baſe is inproportion t0 2 


the ſumme of the ſides - ſo u the difference 
/ of the ſides to the alternate WS 


exceeding D A ) deſcribe the 
circle IE F G; and producing 
AD to C, lt fall the perpen- 
dicular D B, and draw the 
touch tine A G. Then D C and - 
DF, being each of them equall 
5 DE; AC #theſumme,and 


AF the aifference of the ſides aA | 
DE and DA; and AE the truc baſe; and A Ithe alternate baſe. 
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 Tfay then, a5thetruebaſe AE, ts to the ſumme of the ſidss AC. 

So 25 the difference of the ſides A F,, tothe alternate baſe A 1. 

Demonſt. For ſeeing that from a point withont the circle A, there us 
"x drawne the line AC cutting the circ.e,, and the line A G totching the 
y circle, therefore ( by 36 prop 3 Euclid )) the reftangle figure of A C 
| and AF.  equall tothe ſquare of A G: and by the like reaſon , the re- 
Aangle of A E and A1, i equall. tothe ſquare of AG. T herefore the 
reftangle of A C and. AF is equall to the reftangle of AI and AE. 
_ But equal! reftangles have their ſides reciprocally proportionall, (by 14 pre. 

Ty 6 Euclid) Therefore as A E 1s in proportionto AC, ſois AF to AI. 

7 Bn Whith was to be proved. | 


OF 1 0 "00, 


6 WP Aud this Caſe might ſuffice , there are twoothers , which are as fel- 
Ss loweth. | FE 
3 Caſe 2. 


The like demonſtration ſerves 
for the other two caſes in this 


'* Axiome, namely , if we ltt fall the 

- rpendicular from & , making AD — | 

8 Nh baſe. Fo then #pon My 1.4-"Y 2 
FE, anddiſkance ED. (ED wt 

exceeding E A) deſcribethe circle, 

&C. proceeding as before : and if you place the letters as in this ſecond fir 

grre, it will be agreeable to the words of the former demonſtration : ſu ppe» 


ſing AD extended to C. 


Caſe 3. 


' Or if the perpendicular be let fall 
from A, making D E the baſe, then 
on the center A, and diſtance A DP, 
(AD net exceeding AE) deſcribe 
4 circle, and fo proceed as before. 

. Mndif you place the letters as in the 

third figure ,- it will be agreeable to 
the former demonſtration , (uppeſing | 

AD exrndedtoC. | 
Ws In every of theſe three triangles D : F A b 

3 2AE j5therrmebaſe, and Al is the alternate baſe. 

IS E 3 CASE 


Trigonometric, 


Ga $-$ T2, 


« Three ſides of an obliquetriangle being given : to finde 


an angle. 


Par. AE 189 paces, A D 156 po . 

ED 75 paces. Required A. + Y In the firſt triangle. 

Firſt, ( by this fourth Axiome) I reſolve it into two right angled 
triangles, thus. | | 


As the true baſe, AE 189 Pac: 60: ar: 7,7235383 
isto the ſumme of the ſides  ( AD4+ED) 231 pac: 2,3626120 
ſo is the difference of the ſides ( AD-ED ) Br pac: 1,9084850 
to the alternate bale. A1 99 pac: 1,9956353 


Having thus the true and alternate baſe, ſubſtract the leſſer from 
the greatcr, and inthe middle of the remaynecr fals the perpendicu- 
lar: ( by 2 prop. 3 Exclid) reſolving che oblique triangle inco cwo 
righrangled triangles, in cicther of which the hyporhenuſall and 
baſe is known. EN 25 


e A's the difference of the true and alternate baſe being 90 paces, rhe half ts 
E B45 paces; (ſerving to find the angle at E berry the baſe in the 
right angle treaugle E BD. | 

Which half here ſubſtrafted from the truebaſe AE 189 paces, leaves 
the baſe in the vther right angled rreangle ABD, nancy, AB 144 
paces ; (ſerving te finde the angle at A. I 


Then in the right angled criatgle ADB, having the baſe 
AB 144 paces, and the bypothenuſall LD 16 pares; 
, we _ findethe angle at: ,. (bythe 6 Caſe before go- 

1ng us. SE | WE WS TA 


As 
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As the hypothenuſall, ADr 56 parts, £6: a: 7,*0687 54 
is proportion to Radius: Þ «s godeg;oc/. 

ſo is the baſe found, AB 144 parts. 2," 583625 
to the line ofthe complement Þ. ad 
of the angle at the baſe. : ww A67 23 9,9652379 


the complement whereof 22 deg: 37 is the angleat A required. 
In like manner might be found the the angle at E. 


' In ſetting down this fourth Axiome I have followed the Lord 
Nepair : Pitiſcus and others have ir thus. 
As the greateſt ſide ts to the ſumme of the other two ſides; ſo us the dif- 
ference of theſe two, to ay art of the greateſt: which taken from the greateſt 
the perpendicu!anf a's in the middle of the remaqner. 


As inthe firſt figure before going ; as the greateſt ſide AE, is to 
the ſumme of the other ſides A D and ED, (thatis A C:) ſoisthe 
difference of thoſe fides AF, to a part of the greateſt Ai: which 
taken from the greateſt, the remayner is] E, in the middle where- 
of at B fals the perpendicular. 

| Which differs little from the former, and is demonſtrated in the 
ſame manner. : | 


Now that you may at once have a view of that which we have be- 
fore in this chapter more largely handled , I have digeſted into this 
Table the things given and required in the example of every caſe, ex- 
preffing alſo briefly their proportion and operation ; ſo that hereby 
you may be ſufficiently directed for thereſolution of plaine triangles. 
Thongh 1 would rather adviſe every man to commit to memory _ 
= foure Axiomes before going, and to ground bis- praiſe: 

reon, 


An 


0 An Exemplary T able of Plain T riangles.. 


: 


i 
( 


| The fide given is marked | 24. 
| with 48B,or it none be 
| In right \\given, the fide required is 
marked with AB; placing 
triangles \\B alwayes at the right | 5 
angle, and AD to the|- 


angled 


1 ——jÞB 


AD 


AB. D 


| D| Dat. [Req:) Proportionality. 


Ra; £4, AB. DB- 


$D. Ra. AB. An. 


3] 0. D | AB | Ka. 


$9 XD 41%, 


4 D 
AB.DB 
AD 


DB. AB. Ka. tO, 
S DB AB, Ra. tD. 
35D. Re. AB. AD. 


6 D | AD. AB. Ra. 5D. 
hypothenuſall, AB,4D AD. AB. Ra, $D. 
- Or for this 4 AD ? 4D 
| la 3 + AB DB.DB, AB 
7 Oppoſite ſides and angles|__|4. D\\__* SE. $A. AD. ED? 
iven and required G0 HR 
8 6 4 | "mat hay A | 4D: ED: SE: 534: 
E 'E. D/ 
FR arranges 
p- 5 | E AS(AE+AD)ro(AE—AD 
So. zAn an-| |4dE my forr(E+Drtre 
S £ | | Two ſides and, ple. TN hep oP 
_= L £ | |cheir contain- 4s the D. |3 —f'sE 
Z &, | |ed angle gl | |horrer | — 
Y = [- | [vens ro finde F The third |;,| 4 Find by the laſt caſe x, 
ES TIN chenhaving 4: E, A D: 
== 3 EFT _ -finde by the 8 Caſe ED. - 
. © ep 00Ys : to Ps PR oY 
-M + E | Thuce fides given: to tinde As AE w''(AD+ED) 
: BY D the 3 differs AE and Al is EB 
= = G D onper, AL + OI—E B is A B: 
SS * 4 r2|ED the] 4 | Thenbythe6caſe; 
FE « ſhorcer As AD two 4B: 
E fide fo Ra?to ſe: 4. 
, > or 
[2 " Al | ASEDtOE8E; 
| | ſo Razto ſe: E. 
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P ITISCUS inhis Trigonmetria, hath foure Theoremes for 
the varying of proportions, and for the finding out the thing 
required ina plin or ſphericall triangle ſeverall wayes: which brief- 
ly are in effect as foHoweth. 
The Grounds or T heoremes for varying the termes of the proportions 
of Sines, T angents and ſccants. rE, WM 

won Ligerty of), Theoreme rx. 
The proportion of Radins t0 a ſine, tangent or ſecant , and con- 
trariwiſethe proportion of a ſine, tangent or ſecant t0 Radius: 
' may be waried three wayes, by the firſt Axiome of plaine 


Triangles, | 
D D 4 
= A] 
"WA B {A | | 


| | For, 
As fine D B, to Radins A D; in the firſt triangle, : And the 


ſo Rad: D B, toſecant A D; in the third triangle, & 
fo tang: D B, toſecant A D; in the ſecond triangle. 

| | Againe, 

- As tangent D B, to Rad: A B;inthe ſecond triangle c 


converſe. 


And the 


fo is Radins D B, to tang: A B; inthe third triangle, Cards. 


fo is fine DB, to fine AB, inthe firſt triangle. 
And the like isto be underftood of ſecants, buc this may ſuffice. 
ets, _ | Hence then | 
As the ſine of an arch or. angle, is to Radius: | 
fo Rading, to the ſecant compl: of that arch ; > And the converſe. 
and ſo tsthe tangent of that arch, to his ſecant;; 
F 


| | Alſo 


$4 Trigonomerrie. 
—_— 
As the tangent of anarch or angle, 1s to Radyne: 


ſois Radins, to the tangent complement thereof ; >, And the c0 averſe. 
and fo is the, fi grey: , bo the fine of its comp- - 


. by 1a £7) E 
Corollary; [1 
Hance it ts ev: dent , rhat Radius iy 4 mitts Paid beiwoes the bh Ine 
of ah arch , and the fetum of thi: complement of the ſame arch t Alſo 
berween the tangent of an arch , and the tangent of the complement of 
the fume arch. 
And henceit is , that the complement arithieticall'of the artificiall 
ſine of an arch, is the artificiall fecant. 6f that arches complement, 


And the complement arithmeticall of the artificiall tangent of 'an 


arch, is the. tangent of the complement of thatarch. (Here you 
are to underſtand the camplement arithmeticall to twice Radiug, or 
to 20,0000000} 


As a tangent 
For ſeeing *; to Radins : 


proportion is ) ſo is Radius 
toits tang: compl: 


Therefore ( by 3 Prop. Ch. 2) an artificiall tangent ſubſtracted : 
from twice Radius, leaves the tangent of its compl: 

'Or (by the corollary of the 3 Prop. Ch.2) a tangent added to the 
tangent of his complement is equall to twice Radius. 

And thelike is to be underſtood of the ſine of an arch, and Se ſe= 
cant ofthe complement thereof. | | 


Theoreme 2. | 
The ſines of ſeverall arches , andthe farames of brons 
plements, are reciprocally JIG: —_ IS, 


. As the ſmeof nn arthor angle; 
ix 10 the fine of anther archor ungle: | 4 
fois theſecant of the complement of that other, 
to the ſecant of the comoplensent of the former. - 
Demonff. For (by the foregoing Corollary ) Radius: is wow meane 


proportionall between the fine of any arch, \ and the; ſecant of the 
complement ofthe fame arch. | 


a 
"82 


"RS + 
— LES > db 


SSBB AS 


Therefore 


'/ 
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Therefore the re&anple of ny ſine,and of the ſecant of his comple- 


ment, is equall to the {quare of Radius, (by 17. 6-Excti4.) fo that all 
retangles made of the ſines of arches, and ofthe ſecants of their 
complements, are equall one to another. | 

But equall retangles have their 'ſides reciprocally proportionall 
(by 14-6-Exclid.) Therefore, &c. | 


Theoreme 3, 
The tangents of ſeverall arches , and the tangents of their 
| complements, arereciprocally proportional. Thar is, 
As the tangent cf an arch or angle, 
3s tothe tangent of another arch or angle : 
ſo 65 the tangent of the complemert of that other, 
to the tangent of the complement of the former 


Demonſt. For (by the foregoing Corollary) Radiusis the mean 

. proportionall between the tangent of every arch, and the tangent of 

his complement. 
Therefore the re&tangle made of any tangent , and of the tangent 

of his complement is equall to the ſquare of Radius, (by 17.6. Excl;d) 

ſo that all reRtangles made of the tangents of arches, and of the tan 

gents of their complements, are equall one to another. = 

. But equall reQangles, &c, asbefore. ; 


| Theoreme 4. | 
If foure magnitudes be proportional: then alternately alſs 
P they are proportional! : 16 pro: 5 Euclid. | 
; And thelike is to be underſtood of numbers. 
AS if 3 bein proportion to 4; asg to 12: then alſo, 
As 3 isin proportion to 9; ſois 4to 12. 

And hence (whereas we have before throughout this book compa- 
pared ſides, to the fines and tangents of angles, &c.) we may com- 
pare ſides to ſides, and angles to angles, as in the exemplary Table 

we have done. 


And thus much touching the Doctrineof Plain Triangles, 
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THE DOCTRINE 


SPHERICALL T RIANGLES. 


Ll 


—— 


CHAP, I. 


of Circles of the Spheare, and their interſeftions, 
and of the kinds and affettions of Spherical 
Triangles in general. | 
A :) define in this place” the ſeverall circles. of the 
mI? pheare were ſuperfluous, becaule they are beſt un- 
Fa\lg] derſtood in the »/e of the ſph:are or globe, where- 
Pg with it is requiſitethe Reader ſhould be acquaint- 
Cy.j el (ar leaſt in part) before he apply himfelf to the 
| ©» Dottrine of $ phericall Triangles. Therefore paſling 
by cheie,, we cometo thoſe things which more immeduatly con- 
cerne our preſent purpoſe. KEN 3G; 
Prop. 1.The ſides of a fphericaltriangle are three arches of great 
circles , every arch being leſſe than a ſemicircle. 
Therefore the arches of parallels, or other leſſer circles of the 
ſphear, are not to be taken as the ſides of a ſphericall triangle, 


2. A greatcircle of the ſpheare , t that which divides the 
ſpheare equally into two hemiſpheares : and # every- 


where diſtant from its own poles, by aquadrant or fourth 
part of a greatcircle, Thus. 


Nt Sr IN 0 


the aximuth G LK inter- 


- of which angles is meaſu- 
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| This the EquinoQtial is a great circle of the ſpheare , dividing. it 
equally into the northern and fouthern hemiſpheares', and'it iseve 
where diſtant fram its own poles; (namely froni the northiand ſouth 
poles of the world) by a quadrant, . or go degrees. The like is to be 
underſtood of the Eclipticke, and of all Horizons, Meridians, Azi- 
muths, and of all other great circles of the ſphear. : : 

3- 'A ſphericall angle s meaſured by the arch of a great 
circle, deſcribed on the angular point as acenter , be- 
tween the ſides being extended to quadrants. 

Thus in the ſcheame next following, the angle A D E is not mea- 
fured by thearch AE , butby the arch: I B - becauſe I B is deſcri- 
bed on the angular point D, as a center, between the ſides D A and 
DE, being extended to quadrants — © 5 

4. Any twogreat circles of the ſpheare , interſect one ano” 
ther in two oppoſite points, making the angles at thoſe 

points equalione #0 another, and either of them equall to 
© the diftance of the poles of the ſame circles. 

As the EquinoQtiall afid Ecliptick interſe& one another in the 
points of Ariesand Libra , which points are dire&ly oppoſite one 
to another , being diſtant a ſemicircle or 180 degrees ; and the 
angle by them comprehen- 
ded at the beginning of 4- 
ries,is equal to that bythem + 
comprehended at the be- 
Sinning of Libra: And ei- 
ther of theſe angles is equal 
to the diſtance of their 
poles, namely23 deg: 310; 

Thus alſo in- this fcheam 


ſecs the meridian GCK in 
the oppoſite points G and 
K(that is.in the Zenith and 
Nadir) the angle of their 
interſeion at G, being e- 
quall to thatat K ; either 
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red the arch of the horizon, CL, which: is equall to.E.D, the 
CR Fetde poles of he ami circles. 1. 


Qoral: Bhtrefere if 4: reat circle of the (þ are, paſſe by the : 
':  -ipolbes af gow: Fe ac circle, it pe rogr's ſame at right 
angles : and the converſe. - PEW 


5. Every {phericall triangle hath oppoſite to each angular 
. * point anqther triangle , having -* ſame baſe with the 
former , and the angle oppoſutethereto equall , the other 
_.-. parts of it are the complements of the ſeverall parts of the ' 
\. _ farmerto « ſemvicirclt, | art of 0 gh 
' Ler-A TP be a (phericallriangle , and extend the fides thereof 
DA and DE, till they concurre at H, alſo ADand AE till they 
concurreat. G,.and laſtly B A and ED, till they concurre at F. 
T hen are the arches DAH, DEH, AEG, ADG, EDF, and 
E AF, .ſemicixcles (by the fourth propoſition.) And thus to each 
angular point of the triangle A D E, there is oppoſite another tri- 
angle _— he fame baſe with the former, &c. As to the angu- 
lar point E, 
isequall co.theangle at E,and 
the baſe A D, is common to 
both triangles ; and the ſides 
FA anFD, arethecomple- 
ments of the fides AE and 
DE;and the angles FADand 
F DA, arethe complements 
of the angles EAD and 
EDA; _— their com- 


plements to a ſemicircle, or ". - |- - 
to 180 degrees. \_9/ | 
The like might beſaid of + ty OG 


the triangle D G E, which is HY NRA 7 
oppoſite tolhe angular point A,andofthe triangle AHE,which isop- 
polite to the angular point D.So thatany three things being given in 
the triangle ADE, there are the like given in every:-of theſe triangles. 

Note. If therefore. the triangle to he eſotoed . be obtuſe © ax- 
gled, or have twoof its ſides either of 3 . 


t 
there is opting the triangle AF D; whoſe angle at F 
2 Ft T 


em greater thay a quadrant: though 


you 
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yon'might finlle our evhing tequirtdifithar , yet it will be mor 

forenietit ts reſolve one'of pa of the GY triangles oppoſite i 

to his angular points. - Asif a queſtioh were propoſert in'the oa 
gn + Mammm Rs be wrony tinthetrigngle AFD. 

"64 Helegnia ace a +} ei tnterfectians "a aſpern 

- © * cul 4W4un 7 if t ad rg circles. be the 

"n= ' awgular} Go. aj 44 Led oe theaugles 
ON 0 Ore frT ine al] be equal ts the ſiges of the ſecond, 

the ſides. one ſol ag pi er the ſecond, If 

= nl yAptieag ofxhegrentefiiade or greateſt angle, you 
rh thecorplemon chereofroa ericirele, 


! hits apparent by the fourth ropoh tion of this chapter. | 
both this andthe larer part of that may be hon of chance, aud 

Let A D bean arch of the FR Te. A E anarch of the eclip- 
ticke, E D anarch ofthe hort3 making the triangle A DE; and 
lee G beithe polebfcha honor, Erhe pole of the equino iall, and 
H the pole of theeclipticke.' Then'on- thepoine A ada center” and 
at the diſtance of a quadrant or go degrees, A M or AN, deſcribe 
theureh WN,which (by the third propdf on)? 1s. the a of the 
_ at D andi - _ « 

ſort OC, the mealure ef, '. :.,.. -: þ; 

e angfe at D, and P  & 2 —=> 
the mezſure of the com- 
plemefit ÞÞ-the' grenxteft* By 
angle A E D to aftehi-'*' | 
circle, ' And; foraſmuch- f. * Ki Son yo he 
as the arch MY. tn hes the. wa 1-38 
ftant from A go de o_ > PO - 
nd-tiwigoedefhont 1p ON On 
Can th .. 4 

iy F and. Hh A 42405; 


te ſecond iq "oe 


af 
diftant ' from JJ 0 
point A g0 += "age ei 
DO the ach iy beings? Sf , 3/21; ifs he 
produced; ' will pzſle by627 5" f J: I; . tC; RATA 15 02: "_ 
the poles Hand F. And for the like cas arch O 44 nt 
by 


IGN Path. 08 
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by the poles F and G. . And:Þ I bychepgles,H and. (5; fo:making 

the triangle G H F. 1 faythenthatthe fides of che triangle GH F, 

areequall to the angles of the triangle, 'E D. -, oo ot oo 

For the quadrant FN is equall tothe quadrant M Hand taking 

away N H, which is common. ta them boch, there remaines theſide 

F H, equallto MN; . which arch. MN is the meaſure of the angle 

at A. And by thelikereaſon G F is equall to CO, the meaſure of 

the angle at D. . And GH is equal! co LP, the meaſure of the 

complement of the greateſt angſe- A E D, to two right angles. And 

in like ſort we. may prove that the fide AE, is equalltoMP, the 

meaſure of the angleat H ;| and E D equal{to LC, the meaſure of 

the angle at G; and A-D equallto NO, the meaſure'ofthe com- 

: plement of the greateſt angle G FH to 180degrees. Therefore, 1f 

| three grean circles maky by their interſeftions atriangle, &c. which was 
EPA 2219, 0 ye a OA DTCC 
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© Hence it is evidenit,thatthe angles of a ſphericall triangle, 
may be changed into ſides ;, :and the ſides into angles. ' © 


' 7% Thethree ancles of every ſpherical triangle, are greater 


'* © thentworieht angles. : 
The demonſtration hereof you may ſee in Regiomontanus, Pitiſcus, 
Snellizs, and others. garoane You, 


8. Tf a ſpherical triangle have one or more rightangles. it i 

. © calledaright angled ſpheritall eriengle, 
9. If aſphericall triangle have one or more of his ſides qua- 
drants, it t called aquadramtall triangle.” © © 

10, Tf it have neither right angle, nor.ap ſidea guadr ant; 

' #t tcalledanobliqueſphericall Ms 4, A boat cal 
It. If aſphericall trianglebr both ritht angled, and qua- 
arantall the ſides thereof are equall to the oppoſite angles, 

For if i hath three right angles, the three ſide$of it are-qua- 
drants, if it havetwe right angles , the twor:ſides ſbtending' them 
are quadrants, and the contrary : if it have cat right ingle, and one 


& . ? #14 # ; 
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fide a quadrant, it hath two right angles, and two quadrantall ſides: 
All which is evident by the Corrollary of the fourth propoſition. 
But if two ſides be quadrants, the third meaſureth their contained 
angle by the third propoſition. . Therefore for the ſolution of theſe 
kindes of triangles , there needs no further rule. - 

To theſe we may adde three propoſitions ſet down by the Baron 
of Herchiſton in-his book of the uſe of the admirable Table of Loga- 
rithmes : being as followerh. 


12. Twooblique angles of a ſphericall triangle, are either 
of them of the ſame kinde of which their oppoſite ſides are. 


Therefore knowing of what kinde the one is, it appeareth alſo 
of what kinde the other is. 


13. If any angle of atriangle benearer to aquadrant than 
his oppoſite ſide : two ſaaes of that triangle ſhall be of 
one kinde, andthe third leſſe than a quadrant. 


I4. But if any fide of a triangle, be nearer t0 a quadrant than 
his oppoſite angle, two angles of that triangle ſhall be 
of one kinde, and the third greater than a quadrant. 


CHAP. 


Of the firſt fundementall Axiome for ſphericall Triangles - 
and of the ſolution of right angled andquadrantall 
Triangles thereby. | 


P ITISCUS, andothers to theſe times , for the ſolution of 
--right angled ſphericall triangles , (not medling with quadran- 
tals) liave delivered two Axiomes; by help whereof two things 
given, (beſides the right angle) a third may be found. Bur for the 
moſt part, the ſides of the triangle muſt be produced, that ſo there 
may be divers triangles made by their interſeQtions, conſiſting of the 
parts of the'firſt,- or of the complements of thoſe parts diverſly. And 
then it muſt be conſidered, to which of all thoſe triangles one of the 

| G | faid 
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ſaid Axiomes may aptly and immediatly be applyed , for finding the 
thing required , or the complement thereof. But the Honourable 
Lord Nepair, amongſt many excellent propoſitions by him framed 
in the DoArine of Triangles , hath two which we intend to make 
uſe of, as fundamentall Axiomes for the ſolution of all the caſes of 
ſphericall triangles. The firſt ſerving for the ſolution of right angled 
and Quadranrall triangles without producing any fide, which after 
ſome preparation thereunto, we will ſet down, with ſome little alte- 
ration anſwerable to the nature of the logarithmes now in ule. 

It is firſt to be underſtood , that a . 
right angled ſphericall triangle have five 
parts beſides the right angle ; which he 
calls the natural parts: As the triangle 
ABD, right angled at B, hath the 
fide AB, the angleat A, and the hy- 
pothenuſall A D, the angle ADB, and 
the ſide D B. Three of theſe parts 
which are fartheſt from che right angle, 
namely the angle B A.D, the hypothe- 
nuſall AD, and theangle A D B, we 
mark or note by their complements to a 
quadrant. As the angle BA D we account as the complement of 
the ſameangle , and ſo write comp!: B A D; for A D compl: AD, 
for ADB compl: ADB. Butthe two ſides DB and A B, be- 
ing next to the right angle, are not noted by their complements. 
And theſe parts thus noted or accounted , he calls the five circular 
parts of a right angled triangle. Namely, 1 A B, 2 comp!: BA D, 
3 compl: AD, 4compl. ADB, 5 DB. & 

Likewiſe the quadrantall triangle A D G, (whoſe ſideDG is a 
quadrant) hath five parts beſides the quadrantall fide. Namely,the 
the ſide A G,the angle at G, the angle GD A, the fide AD, and 
the angle D'A G, which we may call his naturall parts. But-three 
of theſe parts,which are furtheſt from the quadrantall ſide, namely, 
fide GA, andtheangle G AD, and the ſide AD, we account as 
the complements of the ſame parts, and ſo note them by their come 
plements. As complement G A, complement GAD or DAB 
(which is all one) complement A D. - The other two angles A DG 
and D GA, being next to the quadrantall ſide are not one by 

| their 
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their complements. And theſe 5 parts thus noted or accounted h© 
cas the 5 circular parts of a quadrantall triangle. Namely, 1 com- 
plement A G, 2 AGD, 3 GD A, 4complement A Þ, 5 com- 
plement DAG or DAB. 

Now of theſe five parts , two are alwayes given to finde a third ; 
and of theſe three one is in the middle, and the other two are ex- 
treames, either adjacent tothat middle one ;| or oppoſite to it. As 
inthe triangle AD B, AB and AD lying nextto the angle DAB, 
are ſaid to be adjacentextreames to A; and for the like reaſon the 
angles BDA and B AP, are extreames adjacent to the hypothe- 
nufal A D, andſoare AD andDB, to D; and D and A B, to DB: 
and laſtly, DB and A to AB, for the right angle at B, is not 
reckoned amongſt rhe five circular parts. So alſo AB and A are 
faidto be oppolire extreames to the angle A D B, becauſe neither of 
them are adjoyning to it: allo A and AD, are oppoſite ex- 
treames to DB; AD and D, to AB; D and DB, to A; DB 
and AB to AD. 

And the like is to be underſtood in the quadrantall triangle DAG; 
namely, that the angles at D and A, are extreames adjacent to A D; 
AD and AG, to A; AandG, to AG; AG and D, to G; G 
Tnd DA coD. Andin like manner A G and G, are oppoſite ex- 
treames to AD; GandDtoA; D and AD, to AG; AD and 
AroG; Aand A Gto D. 


I Fundamentall Axiome. 


And of any three of theſe. 

2D ſine of the middle part, with Radins, is equall to the tangents. of 

: the extreams adjecemt ; or to the ſines complement of the oppoſite ex- 
treaws. Underſtanding by ſines and tangents, the artificiall fines 
and tangents, that is the logarithmes of the nacurall ſines and 
tangents. | For | 

As Radius, to the tangent of one of the extreames adjaccnt : fo 

| is thetangent of the other extreame adjacent , to. the ſine of the 

middle part. And 

As Radius, to ſine complement of one of the oppoſite extreames: 

ſo is ſine-complement the other oppoſite extreame , to the ſine of 

the midile part. 

G2 The 
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The demonſtration hereof he hath briefly ſhewed in his book of the 
uſe of the admirable Table of logarithmes : therefore we will hear 
only illuſtrate it by examples , as followeth. 

In the right angled triangle A BD, we have ſhewed before how 
A Band AD are extreames adjacent to the angle at A: and that AD 
as alſo the-angle A,. are noted by their complements. Therefore by 
this Axiome , The fine of the complement of the angle at ez, added 
to Radius ; is equall to the tangent of the complement of AD, ad- 
dedto the tangent A B. Which we may 
briefly expreſle thus. /c. eA—+ Radim—= N 
tc. eAD +teAB: which-is as much to- \ 
ſay ; ſine complement eL, more Radius. of 
is equal to.tangent complement AD, more: 


tangent eCB; this ſigne + ſignifing | 
more,or addition, this=equality, this—— - 
leſſe, or ſubitraction , as we have before 5 _ 


noted upon the third Axiome of plaine tri- 


angles. ; 

Now zdmit Then is 
AD 74 deg: 5c/; tc 9, 4330804, _A7ode: 03/037, rc9,5329939 
AB 51 2; t 10,0999125: Radins . T0,c0c0coo 


19,5329939 Y \ | 19,5329939 

Herethe tangent of the complement of A D, being added to the 
tangent of A B, the ſummeis 19,5329939;-10 allo the ſineof the 
complement of A, added to Radius, thetotall is 19,5 329939, as 
the other : - nd here the angle Ais 70 deg: 039, 02/), 35, but we 
neglect the thirds. Againe (by the later part of this Axiome) the 
ſine of the complement of. the angle A D B. more Radius, isequall 
to the ſine of the angle at 4, more the ſine of the complement of 
the ſide 4 B, which we expreſſe thus: /c D+-Rad:=s eA-+ [c AB; 


which may thus appear. 

Admit Then 1s: 
eA'70 de: 03037; s9,97?1255__D 54 deg. i2/ 58” ſc 9,7669572 
AB 51 32 co; [ſc 9,7928317 © Radins: IO,000COCO: 


19,766957,2: | 19,7669572 
O: 
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Soalſo (by this Axiome) in the quadrantall triangle ADG, the 
fine of the complement of the angle at A more Radius, is equall to 
the tangent of the complement of 4 GS, more the tangent of the 
complement of A D; which we expreſſe thus ; /c A+Rad:=#ic AG 
+ ticA y- which may thus appear. 

Admit 


AG 38d. 28/7; tc 10,0999135 _s A7ode. e;/03” [c 9,5329939 
AD 74 5o wr 94,43 30804 Rad, I0,0CCO000 
19,5329979 19,5329939 


And the like is to be underſtood of the reſt, as by this Table fol- 
lowing may appear. | 
| Or inſtead of the ſecond we may 

s DB+Rad=s ADs A fay 2/e A+Rad=/c DB+ 5D. 
ſo D+Rad=ſc aB+s A And in like ſort he thar liſteth 
ſcaD+Rad=/ſc DE-+s AB may ſer down the equality of the 
4 ſc AD-FRad=rtc D-+trcA fines and tangents of the other 
5 {6c A-FRad=tAB+rcAD fides and angles; and ſo there 
6 sAB+Rad=ric A+:#i DB will be jo of theſe, of every of 
which according to the things gi- 
ven and required he may make 3 caſes, and ſo 3oin all anſwerable to 
the ſeverall poſitions of the letters ; as is done by the honourable 
Lord Nepair. But this may here ſuffice ; for to theſe may the ſixteen 
caſes of a right angled ſpherical triangle be reduced, namely, 3 to the 
firſt, 3 to the ſecond, 2 to the third, 2 to the fourth, 3 to the ſifch, 
and 2} tothe ſixth. | 
As admitthere were given the hypothenuſall A D and the angle 
at A, and required the ſide D B; then by the firſt, ſeeing thar: 
s AD—+5A, is equall to 5 D B4q- Rad: | Therefore if from the- 
ſumme- of the ſines of AD and A, we ſubſtract Radius ,. the re- 
mayner is the ſine of D B. 

Secondly, admitthere were given AD and D'B, and required: 
the angle at A, then ſeeing 5 D B+Rad=s AD + 5 A; therefore: 
if from 5D B + Rad: we ſubſtrat 5s A D, the remaines ir 5 A. 

Or thirdly, If there were given D B, and theangleat A, and: 
required the hypothenuſall A D; then foraſmuch as 5s D B-Rad= 
sAD-+s A; thereforeiffrom the ſumme of 5 D B Rad: we ſub-- 
ſtrat 5 A, theremainer is « AD. And the like is to be underſtood; 


of the reſt. G.3 For: 
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For if from equall things, we takg equall things, the renainers are 
equall, 

Asif 6+ 16 beequall to 9 +7, then if from 610, that is, from 
16, we take 9, the remainer is 7; or if we take away 7, the remainer 
iS 9, CFC 

So alſo in thequadrantall triangle A DG, (whoſe ſide DG isa 
quadrant) the equality of the artificiall ſines and tangents of the 
parts, is ſuch as here appeareth. 


1 s G+Rad=s A+ 5 AD Andintheſe 6 may the 16 caſesof 
2 ſc AG+Rad=/cD+ 5s AD aquadranrall triangle be reduced 
2 ſc A4-Rad=/ſc G+ ſe D in ſuch ſort as we have before 
3 5 G+Rad=rAG+ rt D touched in right angled triangles, 
5 ſe dGd-Rad=rc At 6G and ſhall further manifeſt in the 


6 ſc AdSRad=rcAG+tc AD Table following , though we do 
not in all places retaine the ſame 


letters. 


But becauſe the work being thus ordered, would for the moſt part 
be performed by ſubſtration , whereas it is ſomething eaſier to adde 
than to ſubſtra& ; therefore you may in ſtead of ſubſtraQing a ſine 
or tangent, adde his complemgent arithmericall whereof we have be- 
fore ſpoken; and ſo the' work may be conformable to theſe Tables 
following ; whereof one ſerveth for right angled triangles, the other 
for quadrantall. | 


In the uſe of theſe Tables you are to marke the things given and 
required , with the letters in that caſe given and required ; and 
you muſt cut off from every ſumme, Radius or 1 inthe firſt 
place towards the lefthand , for indeed s A Br A, is equall 
: D B+-Radius, and ſo of the reſt ; except where you have the 
complemencarith: ofaſine; as your ownreaſon in the uſe of 
this Table will dire you. 


An 


ſeverall Caſes of right ang- 
led ſpherical Triangles. 


Py ne eee rn 


of the reſolution of qua- 


drantali Triangles, one of 
whoſe ſides is a quadrant, 


th Operation or equality. |= 
EP ? "FER 
[2103 $3 4B +8 AR=rws' 1 
41D Cc AB+$s As D; 2 
ADJ____i_ Amt AB —tcAD. 3 
ni D [(0;ar:6 DB +56 As D' 4 
yu ADſ{8:ar:s A+ SDB— $AD, 5 
4B] _ fc 14+ tDB— $ ABi 6 
7c 14B SC A+ 1AD— 1 AB. 5 
4 jDB $40 + rt A—5DB 8 
D HAD +8 At D 9 
ABj4D $6 DB + 5c AB—sc AD\to 
DB| 4 $ AB + tcDB—1qtc Aj 
ABI Blcozar:$Cc AB + $C AD==SC DBirz 
AD] 4 t AB + te AD5c alr3] 
AD 4 |c0:4r; SAD + SDB= gs P I 
DB] 
A |DB| o:ar:s D + 5e£ AZ 3C DBl15 
D j4! ic D + te A—$SCAD116 
A D 
I ; 
D B 4 Þ -7 


- {In afltheſe Caſes the angle Sven 

* is marked with 4, or if none be 
given, the angle required is 

| marked with e L;- the right 


| angle with ZB; the hypothenuſal 
with A D. | 


ty 
— 


i 


G $643 +81 &=it G6 
bi | SAG+ s A—=$sD 
AD 5c A+ fAGEZELAD 


_ 


D c0:ar:5C G + $6 Am==sIc Di 
ADicotar: s A + 5s G==3 AD 
4G tc A+ t G=$cAG, g 
s G + fAG=!k D=— 
SCAG Fic G—=itc A 
$46 + 5 G=$sAD 
T246+tD=s 6 = 
c0:4f; $4G + $ D<=S "3 
co:aroge D + $AGE 54D, ; 
te AG + tcAD= $c 4 
co:ar:3 AG + $£4D==5e G 3] 


36 D +$: G=sc 641 


*FY FEI LE | 


— 


hn... OT. 


CEHERA og&|0n [a> eq 
Svſa ch KEV 


s$ G +tfc D=tcAG, 


An exemplaryTable 


In all theſe Caſesthe quadrantall 
ſide is marked with DG, an 
the oppoſite angle with ec. 


F3 
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And thus we have ſhewed in theſe Tables , the equality of the 
artificiall ſines and tangents of the things given and required in all 
fuch ſphericall triangles as have either a right angle, or one of their 


ſides a quadrant: Bur if you deſire the proportion of their naturall 
{ines and tangents ; itis | 


As Redies/ap the firſt of the three : 
ſois the ſecond to the third. - 


Except there be the complement arithmeticall of a ſine, . for 
then | 


As that ſine, is to Radius : 
ſo is the ſecond in theſe tables, to the third. 


E xample of right angledtriangles. 
1 Caſe. s AB+tA=tDB, 
Therefore as Radius, tos A B; ſo : Ator DB. 


5 Caſe. Compl. arith. s A+5sDB=s AD. 
Thereforeas s A to Radius; ſos DB, tos A B. 


And the like is to be nnderſtood of all the reſt. 
Which that you may the better perceive, 1 have here added in 


.expreſſe words, the Canons or rules of the proportions of the natu- 


ral}ſines and tangents, of the things given and required in every of 
the 16 Oaſes ofa right angled ſphericall triangle, (and the like might . 
be done for Quadrantals)all which rules(as may eaſily be perceived) 
depend upon the fundamentall axiome before going , and the corol- 
lary of the third propoſition of the ſecond Chapter of plain triangles. 
And here the ſide fubtending the right angle ,. we call the hypotben- 
uſall ; the other ewo containing the right angle we. may call ſimply 


the fides, bur tor farther diſtin&tion we call one of thele containing 
_ ( it matrers not which) the baſe , and the other the perpen- 
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Nv 2 41 The Perpen- Ay Radins, to the fine of the baſet ſo is the tangent of th* 
S z o EAT. angle at the baſe, to the tangent of the perpendicular- 
Ev )> The angleat 1, Radius, ro fine compl. the baſe : ſo ts ſinethe angle 
& 3 , Jihoperpendic? | ,1 the baſe, to ſine compl: the angle at the perpendic* 
BZ 8B {3 The hypo- As Radinsgo ne comp': the angle at the baſe: ſo us tang: 
ihe thenuſall. comp!: the baſe, tot ang. com-pl. the hypothenuſall. 
&<L v 44 Theanglear fs fy compl. the perpendicular,to Radius: ſo ſinecomp. 
mT Z __ you — 4 angle at the baſe to ſine the angle at the mg 
S p- SPL _ b-- oi As fone the angle at the baſe, to Radu: ſos the ſine of the 
Ob 4 perpendicular, to the ſine of the hypathenuſall. 
my S > 6 The baſe. As Rad, to tang: comp: the avgle at he baſe: ſo u the 
& 3 *\. n tangent of the perpendicular, to the fine of the baſe. | 
=Y v 7 The baſe, $#fs Rading to fine compi: the angle at the baſe: (o # the 
S Z E tangent of the bypethenyſall,to the tang: of the baſe. 
k- So Js The a As Rading, tothe ſine of the hypathen»ſall : ſo ts the ſine 
g * " dicu gh of the angle at the baſe , to the ſire of the perpendac: 
Ex: S /j9 Theang prom As Rading, to ſine compl: the hjpotheruſall : ſo tang: the 
2 5 the perpendic; Tad heb <a } þ 
= 2 h gle at the baſe, to tang: compl: the angle at the per. 
3-4 C10 The hypo- As Radins, to fixe compl: the perpendicular: ſo fine comp: 
Ss ) thenuſall, the baſe, to ſine comy: the bypothenuſalt. 
Z © = Y'1 Theangle- ArRadins, tothe ſine of the baſe: ſo the tangent comp. 
ES 7] 5 arthe baſe. of the perpendic: to tang: comp: the angle at the baſe. 
>= #12 The per- As ſine comp: the baſe, to Radirs ; fo fine comflthe by- 
I. ( pendicular. * porhenuſall, to ſine comp. the perpendiculzcr. = 
SR 13 The angle fs Radins, to the tangent of the b aſe: ſo tangent compl. 
x: ETC acthe baſe. rhe bypothenuſall, to ſive comp. the angle at the baſe. 
© 14 Theangle 4; the fine of the bypotheryſall, to Rado : ſo us the ſine 
- H atthe petpen? gf che baſe, to five the angle at the perpendicular. 
Z :3.v  15Theperpen- As finethe angle at the perpendicular js to Radins:ſo fne 
* 2& \\ dicular, .comp: the angle at the baſe, to ſine comp: the perpendzc. 
; — oF i 16 The hypo- As Rading, to tangent complement the avgle at the perper- 
7 g } thenuſall, adicnular: ſo tangent complement the angle at the baſe to 


he” 
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And becauſe by the third prop. chap. 4. of plain triangles 

As the tangent of an arch, | I 

55 to the tangent of anather arch : | 
fa ts the tangent of the complemint of that other, | 

to the tangent of the complement of the former. | ND 

And by the corollary of the firſt propoſition of the ſame chapter. 
Radins 1s a mean preportionall between the tangent of an arch, 

and the tangent complensent of the ſame arch : 

fo that is Radius, 1s to the tangent of an arch : 


' fo ts the tangent complement of that arch,"to Radius. 


Therefore if any man deſire either for variety or convene 


to alter the propoſitions wherein there are tangents, he may eaſily 


do it. 


" eAfs the ſine of the baſe, is to Rains: ſo is the 


As inſtead of the firſt he may ſay. a 
| xx complement of the 
angle at the baſe, tothe tangent complement of the perpendicular. 
For the third, 


' As fine complement the angle at the baſe, to Radis : fo z the tangent 


of the baſe, to the tangent of the - Wy 
1xth 


For the 


As tangent the angle at the baſe, to tangent the pendicular : ſo i Radius 


rO the (ue of the baſe . 
. For the ſeventh, 


As fine complement the angle at the baſe, to. Radins : ſo tangemt comple- 


ment the hypothenuſall, to tangent complement the baſe. 


- 
As fine complement the hypothenuſall, to Radius: ſo tangent complement 


the angle at the baſe, to tangent the angle at the perpendicular. 
| For the eleventh, 


es the ſine of the baſe, is to Radins: ſo u the tangent of the perpendicu- 


lar, totangent the angle at the baſe. 
| For the thirteenth. 


As the tangent of the hypothenuſall, to the tangent of the bafe : ſo is Radi-- 


us to fine complement the angle «t the baſe. 


For the. fixteenth, 


As tangent the angle at the baſe, to tangent complement the angle at the per-. | 


pen dicular : ſous Rading, to fine complement the hypotbenuſall. 


Many 
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Many other wayes might theſe propoſitions be varied, by the 
foreſaid corollary, and third and fourth prop : of the fourth chap--. 
ter of plain triangles. And -not only thets, bur the reſt wherein 
there are onely ſines, are varied by thefe, and by the ſecond propoe- 
fition of the ſame chapter. . The varieties nah arifing- being 
very abundant, and of no great uſe, I rather leave to your own pra- 
Riſe at your leaſure, then beſtow further time therein. + + 


CHAP. TIIL 
Of-the Caſes and Dueſtions incident in every ſphericall 
Triangle, right angled or Duadrantall in generall, 
And of the examples of ſixteencaſes of a right 
angled Triangle in particular. 
*T E come now to give examples of every of theſe caſes, inthe 
reſolution of ſome problemes of the ſphear. And. ſuppo- 


= - 
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| fing the Reader to be already acquainted with the principall circles. 


of the ſphear or globe, .we will forbear their definitions. 

 LerG MN B, repreſent the meridian of the place, Z X, the E- 
quinoRiall, H P the t cliptick, = the points of Aries and Libra, 4 
the north pole, 0 che ſourh pole, A © the axis of the world,or me- 
ridian of the Sun at fix aclock, 27B,the Horizon, G, the Zenith, N, 


the Nadir,G N,the azimuth of eaſt & weſt,or the firſt verticall, F D, 


a RR of —_— ADO 
>! 0 ion) Elypricat, 32 2fcÞ of a meridian pailing by 
(ahi kind of projeen) Elpriall, che center of the Sun at his i 
them circular, and ſoalfo they do ſuffi- ſing or ſetting, e EO, the 
ciently repreſent rhe rhings incended. meridian of the Sun being inthe 
eaſt or weſt azimuth, 
Suns meridian being at F, GN D the Suns azimuth ar his riſing, 
G ON the Suns azimuth atſix of the clock, G FN the Suns azi- 


muth being at-F. 


Nore. Allthe end arches are ind-ed 


- Here then are ſeverall ſphericall triangles, ſome right angled, 
ſome quadrantall,and ſome oblique angled : 


CAB, the poles elevation, ? 


AD, the compl.of the Suns declination. And of the like, 


Thus the right | DB,the Suns azimuth from the North; | Parts or their com 


angled triangle, |* ,» the cempl.of the amplitude. _ Qua- 


' , QISS 


ABD, rightan-1 D A B, the hour ſrom midnight,or the >4rancall triangle, . 


| » if » 1 : - £ 
Ln wad 4k compl. of the difference of aſcention. | G AD, and jhe 


ar D) is madcof A D B, the compl. of the Suns angle | right angled dh. 
ac of pefition, or angle of his meridian [ angle, Y TD. 
i with the horizon. Ss | 


| (NF, the Suns place, or diſtance ſrons) 
Th: righrangled | the neareſt Equinoitiall point. * | 


riavgle 4 F Q. | oy Q , his right aſce ntionor its comp- _ OI 


tight angled at| F © | the Suns declination. lements, is mad 
N < iy DE), Q 3 the angle of the Ecliptick and e the Quatrantall 
made of Equinoitiall. rriangle, AF V's 
QFy, the angle of the ſuns meridian | 
C withthe Echptick- '#, 


» 


FO the. 


\ 
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The right an- ſy C, the ſuns declination.” , 


gled riangle | CR, the ſuns height. at the hour of 6. jams 3 - ow 
RYC, right! pR, the ſuns azimuth from eaſt or \ levipmnid is made 


le if 
knocked og c a, 4 "_— ws of 6. che Quadrancall 
Sun ar C}) is V R, the poles elevation. criangle, GC. 
made of LV. CR, the angle of the ſuns poſition. I : 
The righrangled _S E, the [zns declination, And of the like 
triangle Y'S EA\S o4, the howr from 6. res or their com- 


7 os cz VE, the ſuns height being eaſt or weſt greet _ 
the Sun atE) is VE; the Iatitnae. | riangle,  E A 
madeof  SSE oy the angle of the ſuns poſition. | 


 Trigonomtirie. i 
G A, the complement of the poles elevation, 

The oblique -angled{{ F A, the complement of the ſuns declination, 
wiangle AGF, having VG F, the complement of the ſuns height, 
rer he a8 NF he angle he ur from mm 

OT, "—/JA F G, the angle of the ſuns poſition | 
d f we ſi 5 g P®, ». 
-—nchg E) _— EG A, the aximnth of the ſun from the north 
"2 part of the meridian. | = 10 
© Other Triangles are repreſented in this ſcheam, but theſe I thought 
good to note, to give occaſion to young, beginners t0.exercife them- 
ſelves. * ] E i | 
 Nowwe will ſhew the ſolution of one of the right angled triag- 
gles, namely A D B, alfo of the oblique angled triangle AGF, 
whereby you may underſtand the like operation in all others. 

| | 2 T he amplitude, or Sunnes a- 
n 


34 - 


The Poles eleyation and hour of Su 


|  24muthof riſing or ſetting. 
ri{ing or ſetting given : To finde 


2. T he Suns angle of Poſition. 
| 7 2. The Sunnes Declination. 
Let the poles elevation be 51 deg: 32/7, 
| The houre from midnight 4 ho. 4c 1 2//. | | 
Which converted into degrees is 70 deg. 07. | 
Caſe 1. For the amplitude, or azimuth of riſing and ſetting 
DB | 
Poles elevation, A.B'51 deg. 32/. $A B  9,8937452 
', '* Honre from midnight, A Jo '.oz tA . 10,4401a46 
| Sunnes azimuthof ri-t © TRE. e_reY F 
' fog ny DB65. 8 DB 10,3338598 
Thy 1 not full 65.deg. 08, but wants about a third part of a minute, 
or 2”, as you mgy. finde by the part propertionall, working as we have 
before ſbewed, chap: 2, ſeft:8. ETYS 
Ang thy-65 deg: oY, ts thecamplement of the ſunnes amplitude from 
the b5 4 weſt nertherly or the ſomes azimuth from the north part of the 
meriatan, becauſe the ſunngs dechnatian ts northerly. \ otherwiſe it were his 
azimuth from the ſaut!?, if the declination were fenutherly. "As you may un- 
derſt and by the fareguing ſcheam tarning,it upſide dawn. * 
And whereas it us [avd,. Houre from miduueht 70 deg. 0, it is to be un- 
derſtood, the hour converted into degrees and minntes, which is done by al- 
ye | lowing 


Pg F 
wy *.4 4. 
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lowing 1 5 deg. for an how aud one degree for four - 


minutes of time, and 15” of a degree for one mi= he 
ante of time, &c. Or ſaying by the rule of T\ 
three, If 1 hour or 60 minutes give 15 de- XY 
grees, what -gives the time propoſed? And ſo | WP. \ 
the contrary, if you would convert degrees Into  — 
houres, ſay, 1f 15 degrees give 1 hour or 60 . | _—© — © * | 
minntes of time, what gives the degree propo- "OH 
WL 6 F 


Caſe #. -Fo# rhe $unmes anglt of poſition. 
Poles Elevation; * . AB 51 dege23/ $SCAB 947988217 
Houre from midnight A Jo ozs A 9731236 
ſunnes angle of poſition  _ | SO VASE 14 
#s the complement of \ D 35 47 sC D 9,7669553 
Which 35 deg. 47/is theangle of the Suns polition- 
Caſc'3. For the Suns Dechnation. | 
Hour from midaight A 70 deg. 37. 5 A *  9,53300co 


Poles elevation AB 5r 32 tc AB g,gocog865 
Suns declination ts : 55, $45 br. 00 
the complement of \ AD 15. 10 tcAD 94,433cg55 


Which' 15. deg. io/ is the Suns declination towards the: 
north pole (or elevared-pole) becauſe the hour from mid-- 
night is leſſe then ſix ; if it were more then ſix, the decli- 
_ nation ſhould be ſoutherly ; as is evident' by the ſcheam. 
before going turned upſide down. | 

After the form of theſe three examples : | 1f there mere given the ampli- 
tude, and angle of the Suns poſition, we might finde, The Poles elevation, 
the hour of Sun-riſing or ſetting ; and the ſuns declination : and if you 
uſe the exemplary Table, you may uſe the ſecond Triangle under ' he. 

Table. | | 
The Amplicude, or Azimuth, of the Suns riſing 4 The, angle of Poſrnon: 
or ſerring, with che. hour given: To finde 5 The Suns declination. 
"S 6 The Poles elevation. 
Let. 


56  Trigonometrie. 
Let the azimuth of the Sun athis.riſing or ſetting be 65 deg. 
o8/ from the north ; TEE A 
' The hour of Sun-riſing (from midnight) 4 ho- 497 12%, which 
converted into degrees, is 70. deg. 0z/. 


Caſe 4. For the angle of poſition. 


Azimuth of the Sun 


/ 
" rifeg or ſecting DB 65 d.o8/ co. ar. sc DB0,3762257 


. Houre of Sun-riſing A 03 s A 9,5330090 
Angle of peſition compl. D 85 46 s D 9,9092347 


This D, 9,9092347, gives anarch or angle of 54 deg. 14/; 
which is the angle that the Suns meridian makes with the 
horizon; but the angle of the Suns poſition is the comple- 
mentthereof, namely, 35. deg. 46*. 


Taſ 5, For the Suns declination. 


Houre of ſuns riſing A T7odeg.03/7.co.ar. 6A 0,0268764 


Azimuth of riſing. DB65 +03 $DB 99577455 
Sus declination compl. AD1sy IO L 9,9846219 


| Here (as we noted before) the arch anſwering to s AD 
.9,9846219, is 74. deg. 50/, but the Suns declination is the 
complement thereof, that is 15 d. 10, and ſo of others. 


Caſe 6. For the Poles elevation. - + 


"Hotr of ſun-riſong A 7odeg.oz/tcA 9,5598854 
' Suns azimuth of riſing DB 65 os tDB10,1339712/, 
Poles elevation AB 51 33 SAB 9,893 8566 


Thus D B being 65 deg.o9/, we finde A B tobe 51 deg. 223/ 
but if we ſhould take DB tobe but 65 deg. 077 40”, as be- 
forewe found it, then AB the poles elevation would be - 
but 51 deg, 32/, as before. | 


eAnd (after the form &f theſe three examples) If there were gi- 
ven the poles elevation, aud the angle of the ſuns poſition, we might 
finde the hony of ſan-rifing, the ſuns declination,. and the amplitude, or 
azimuth of riſing and ſetting. © | | | | 


The 


og 
— 
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'The Suns declination, and phe houreC7 7% Toles clevation, 


rar JS 7 he amplitude, or the 
- _ _ riſing dr-ſetting given : Janne 622 —_* 


9 The angle of poſition. 
Let the Suns declination be 15 deg. 10 northerly, 
The hour of fun-rifing 4 ho. 40/-12/, 

Which converted into degrees is 70 deg. 02”. 


o Caſe 7, For the Poles Elevation. 
. _ Honre of ſun-riſjug, A 70 deg. 077 s«c A 9,5330096 
Swns declination compl. AD 15 10. t AD = 1c,5669196 
Poles elevation. AB 51 39 Caf 10,c999286 


Caſe 8. To finde the Suns Azimuth. 

" Suns declination compl : AD 15 deg. 1c/s AD 9,9846033 
Hour of ſun-riſing A 70 03s A 9,9731236 
Suns azimuth from the - 

worth part of the ar DB 65 


The complement hereof 24 deg. 52/, is the amplitude of 
the'Suns rifingand ſerting from the eaſt and weſt; northerly; 
becauſe the declination is northerly. \ >} 


Caſe 9. To findethe angle of the Suns poſition. 
Suns declination compl. AD rs. deg. 1&/ s« AD 9,4176837 
 Howre of ſur-riſing. A 70 03 TA 10,4401146 
| The angle of poſition compl. D 35 47 'tcD "9,8577983 


o8 s5DB 9.957269 


And( after the forme of theſe three cx- A 
amples). If there were given, The ſurs decli- | /\ 
nation, and the angle of the ſuns poſitron at | $4 i 

| bye 'riſng, we might finde, the ſuns azie - OY 
wath, the poles elevation, and the how of  _—_ | | 
ſun-riſmg. : RO 
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Si The ſun: declination, 


TO ER 


| The Poles elevation, and amplitude of 


's ſun-riſing or ſetting given: To find rt 7he bowr of ſun-ri- 


fmg,or ſerting. 


Let the Poles elevation be 51 deg: 327. 
Suns amplitude of riſing and ſerting 24 deg: 52/ northerly. 


Caſe 10, To findethe Suns declination, 


guts mm f : : DB 24 deg. 527 5c DB 946237743 
* Poles elevation, AB 53 32 5c AB 9,7938317 
Suns declination compl. AD 15 10 $c AD 9,4176060 
This declination 15 deg 10 is northerly, becauſe the am- 
plirude given is- northerly, and when the one. is ſoutherly, 

ſo is the other. 2 Simi ov. 


- Caſe 11. To finde the hour of Sun-rifing and ſetting, 
*.. Poler elevation, AB 51deg. 324 $ AB 948937452 
' Suns amplitude. compl. DB 24, $2 tc DB 9,6660287 
Homre of ſun-rifing A.79. 03 te. A 945597739 
Which 0 deg. 03 converted into time is 4 ho. qo*12// 
which..is the time of ſun-riſing : But if the amplitude had 
\ *  tbeen ſoutherly, the arch thus found had beenthe'houre of 
" fun-ſetting; as is evident by the firſt generall ſcheame 

; | turned upſide down. me + 8 ? 
And alter the forme of this laſt example, ws might by the ſame 
things given, find the angle of the ſwns poſition. 


"0 2 The eAmplitude, 


The elevation of the pole, and declinatio 


' of theſun given: To finde 13 The honre of  ſun- 


riſing and ſetting. 


Let the elevation of the pole be 51 deg. 32%, 
Suns declination northerly x5 deg. 10 


* % 
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| Caſe 13 To findethe Amplitnde. 
The Poles elevation AB 51 deg. 32/co.ar.sc AB 0,206168} 


The ewplinde the + 5c AD 9,4176837 
complement of c DB 24 F2 sc DB 9,62 38520 
And this amplitude 24 deg. 52/7 is Ps | 
northerly, becauſe the Suns decli- \ 
nation is northerly: That is, the 'F \ 
Sun riſeth 24 deg. 52/ to the north- Fa, 


wards of the eaſt, and ſets as much 
to the northwards of the weſt. 
When the declination is ſoutherly, 
the amplitude thus foundis ſouther- ®PÞ | —3 


ly,as may appear by the firſt general 
ſcheam turned upſide down. 

Of the amplitude thus found there is often uſe made at ſea, for 
finding the variation of the Compaſſe. Which is done after this 
manner. 'F | 

Suppoſing the circumference or outermoſt edge of the card or 
flie of the compaſſe to be divided into 360 degrees, and the points 
of the needles to be placed dire&ly under the flower deluce, or 
north and ſouth points: you are to obſerve at ſun-riſing or ſerting, 
how many degreesthe ſun is from the eaſt or weſt points of the 
compaſſe, which number of degrees, if they agree with the am- 
' Plitude found by this propoſition, as is before ſhewed, and be on 
the ſame ſide; then hath the compaſſe no' variation: bur if they 
differ, look how many degrees that difference is, ſo much is the 

_ As forexample, Admit I find the amplitude (as before) to be 24 
degrees, 52 minutes northerly, then I know that the ſun ſhould ſer 
almoſt 25 degrees. from the weſt to the northwards, but obſerving 
at ſun-ſetring with my compaſſe, admit I finde ir:to ſet but 19 de- 
Orees from the weſt point of my compaſſe to the northwards, then 
hereby 1 gather that the variation of my-compatſle is almoſt 6 de- 
grees. . And thus you may finde how much thevariation. of the 
compaſſe is. Now, | | I | 
I 2 To 
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To finde which way the compaſſe varieth, 


If the degree of the compaſſe which ſhould direQly reſpe& the 
ſun art his riſing or ſetting, (namely the degree of amplitude found 
as before) be more rowards the right hand then the ſun-riſing or 
ſetting, the variation is eaſterly ; bur if it be more towards the left 
hand, the variation is weſterly. Becauſe when a mans face is to- 
wards the North, the eaſt is on his right hand, and che weſt on his 
left. | | 
As in this example, I finde by the amplitude, that the ſun ſhould be 
ſet almoſt 25 degreesfrom the weſt point of my compaſle northerly, 
but ſetting the ſun, I ſee that this 25 degree of my compaſle is 
more towards the right hand than the place of ſun-ſet, therefore, 
I conclude, that the variation is eaſterly. | 

And thus is the variation of the compaſlſe found to be almoſt 6 
degrees eafterly, ſo that the north point of the compaſſe ſhews 
not the true north, bur points almoſt 6 degrees to the eaſtward of 
the north ; and conſequently all the other points of the compaſſe 
dire& more toward the right hand then they ſhould do by almoſt 
6 degrees. . And the like in all points is to be underſtood if the 
obſervation had been madeat ſun-rifing. | 

Note. Itis fitteſt to make theſe obſervations when the fun ſeems 
to be little above the horizon, namely when the lower edge of 
ſun ſeems almoſt to touch the horizon, for then the ſun is in the 
horizon, though by reaſon of his refraRion and parallax he ſeem 
tO be above it. | 

Caſe 13. TY finde the hour of Sun-riſing and ſetting, 

Pules elevation EY AB 51 deg. 32/ t AB 10,0999135 

Sins declination compl. AD 15 10 te AD 9,4230204 

Hour of ſun-riſing ** A Jo o3 eccA 9,5329939 

This 70 deg. 037 converted into time, is 4 ho. 40/-12//, 
which is the time of ſun-riſing after midnight : Bur if the 
declination had been ſoutherly, this 4 ho. 40/-12// thus 
found, had been the time of ſun-ſetting after-noon, as may 

'-_ _ appear bythe generall ſcheam rurned - upſide down. | 
end after the forme of this laft' example, If there were given the 


azimuth of the ſuns riſing or ſetting, and the ſuns declination,we might ra 
$77e 


Wu 
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the angle of the ſuns meridian with the horizon : or the poles elevation, 
after the forme of the laſt but one. 


Caſe 14. The Declination of the Sun, and his 
Azimuth of riſing and ſetting given. 
Let the Suns Declination be 1 5 deg. 1c northerly, 
His azimuth at his riſing or ſetting 65 deg- ob/ from the 


north. 
To finde the honr, 


Sux acclinat. compl. AD 15 deg. 1&/. co.ar. s AD 0,0: 53967 
Suns Azimuth DB 65 o8 s DB. 9,9J77455 
Honre of ſun-riſng A 70. oz SA 9,9731422 
Which 7c deg. 37 converted into time, is 4 ho. 40-12”, the 
hour of ſun-riſing : but if the declination had been ſouther- 
ly, this arch thus found had been the hour of ſun-ſerting. 
eAnd after the forme of this example, If there were given ( as in the 
the thirteemh caſe ) the latitude, and ſuns declination, we might ſince the 
angle of the ſuns poſition, or the complement thereof, which 1s the angle 
of the ſuns meridian with the horizon. 
The hour of ſun-riſing or ſetting, and the nY 5-T he amplituae, 
of the ſuns meridian with the horizon given :<16.T he ſ#ns decli- 
"To Me; 5 i Eo vation. 
Let the hour of ſun-riſing be 4 ho: 40/12”, . 
Which converted into degrees is 70 dep. 03”, 
The angle of the ſuns meridian with the horizon 54 deg. 1 37. 


Caſe 15 To finde the Amplitude. 


Angle of meridian and horizon D 54 deg. 1 3/ co.ar. SD. 0,09085 39 ' 


sc A 9>533CcO090 


H un-rifing in deg. A 70 03/ 
wy (v9 : D sc DB 9,6238629 


Amplitude compl. - B 24 bs 
Caſe 16. To finde the Suns declination. 


Avgle of merid. and horizon D 54 deg. 137 tcD 9,8578031 
Hor of ſun-riſeng A 70 o3 tc A 9,5598854 


Suns declination compl. AD 15 io 5c AD 9,4176885 
| Which 


_— 
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Which declination 15 deg. 1o/ is northerly, becauſethe hour 
of ſun-riſing is before 6 : otherwiſe the ſaid hour being after 
6, the declination ſhould be ſoutherly. 


And after the farme of the laſt caſe butone, we may by the ſame 
things given finde the poles elevation. 

And thus it 1s evident, that of the five circular parts of this right au- 
gled ſphericall triangle, namly, of the two oblique angles, the two ſides, 
and the hypotheruſall, there may be framed 3o problemes or queſtions 
of the ſphear, and theſe 30 problemes are reduced to 16 caſes, and theſe 
16 caſes to that one fundamentall axiome before ſet down ; and the like 
6 to be underſtood tn other right angled ſphericall triangles. 

The ſame 30 queſtions might alſo have been tens. and reſolved in 
the quadrantall triangle A G D ; andthey are alſoreduced to 16 caſes,and 
thoſe 16 caſes to the aforeſaid fundamentall' axiome. Of which things 
having before given ſuſficient light, we will ledve the praftiſe thireef to 
the induſtrious reader. - PA HER h 


eAnd it will not be amiſſe, when there ts a queſtion propoſed in a right 


- wngled. |[phericall triangle, to mark, it with the letters A BD ; ſetting 


B at the right angle, and A'D tothe hypothenuſall ; Or if it bea qua- 
drantall triangle, ſet D G tothe quadrantall fide, and A at the angle 
thereto oppoſite. Fn RE LIEITT mates 

\ As (if thogenerall ſcheame of the. ſphear before going ) I would re- 
folve the. triangle iy QF, right angled as Q. 1 pat for N, A, for 
QB, and for F, D, as inthe firſt of theſe triangles: Or 1 put for F, 
A, for QB, and for \, D, as in this ſtcond triangle. 


A 
Tn this firſk Tn wh ſecond 
triangle. . ; triangle. Sd. 
A, © The E quinottiall point of WV and =, which in this ſecond] D 


. mrimple's - 
AB, is 
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DB, « An archof the ſame Meridian, which in the ſecond is A B. 
And thus, | 
AD, « The ſuns place or diſtance from the neareſt myprt DA. 
- wottiall peint which in the ſecond triangle us alſo 
. AB, « The ſuns right aſcention from the neareſt —_ DB 
by noftiall point , which in the ſecond triangle us 
DB, The ſuns. declination, which in the ſecond triangle is A B. 
A, wu The angle of the Ecliptick, with the Equinottiall is D. 
| D, a4 The angle of the ſuns Meridian with the Ecliptich,, A 
which in the ſecond triangle 1s ; p 
And any rVvo of theſe being given, we may finde any third required ; 
and ſo frame 30 ſeverall queſtions, every of which in one of theſe tr4- 


angles will be comformable to the exemplary table of right angled trian- 


gles before ſet down. 
And thelikets to befnderſtued in the other two triangles before men- 
tioved RNC, and SE: ſothat in theſe four right angled triangles, 


Jou may frame 120 queſtions of the [phear, and their reſolutions + And 


the like you may do in their quadramals : all which 1 leave to your own 
prattiſe,. deforing to uſe as much brevity as conveniently 1 may. 

And thus much touching the reſolution of ſuch ſphericall triangles as 
are either right angled or quadr=ntall, Now 'we. come to thoſe that are 
Oblique, which have 12 caſes, ten whereof do alſo depend upon the 
firſ# gene all axiume afore going, and might be thence deduced But 


that all things may be the more eafie and perſpicuons, we will lay down . * 


two conſeftaries following of tbe ſaid firſt axiome, after we have decl a- 
red in ;ereral! the caſes of oblique triangles. 


TIER. 


of oblique Sphericall Triangles. 


CHAP. FY. 
Of the Caſes and Queſtions incident in every oblique 
ſphericall Triangle in generall : and particularly 
of thoſe two Caſes whereinthe things given 

and required are oppoſites. | 
O the intent the application of the dodrine of ſphericall 
E Ii triangles may be the better underſtood, we will here - we 
ave 


The ſecond Booke. £9 
AB, is An arch of the Equineftiall, which in the fecond is D B- 
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have before in right angled triangles) give examples of the ſeve- 


rall caſes-of an oblique triangle in the acuall reſolution of ſome 
known triangle of the ſphear. And we have beforenoted in the 
generall ſcheam of the ſphear, chap. 3. that eL@ F is an oblique 
angled triangle. - Let us ſuppoſe the firſt of theſe triangles follow- 
ing marked with eADE to be the ſame (where we change the 
letters not of any neceſſity, but for the better conformity of all 
the examples) So thar 4 here may be inplace of A there : namely, 
at the pole of the world ; D here, in place of G there, namely, 
at the Zenith; and Z here, in place of F there, namely, at the 
Sun, Then is | 
eA D, the complement of the poles elevation, or the diſtance 
of the pole from the Zenith. 
eA E the complement of the ſuns declination, or the diſtance 
of the ſun from the pole. 
ED, the complement of the ſuns height, or the ſuns diſtance 
from the Zenith. | 
A, the angle of the houre from noone, or the angle of the 
meridian of the ſun with the meridian of the place. 
E, the angle of _ ſuns poſition in reſpe& of the Pole and 
Zenith. 
D, the ſuns azimuth from the north part of the meridian. 


And any three of theſe being given, the other three may be found. 
$6 that of theſe ſix parts conferred together, there ariſe in this 
triangle, and ſo in others, ſixty queſtions or problemes - the 

ſphear: 


 # 
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ſphear: which atharereduced:to 12 caſes, the reſolution whereof 
. we intend now to ſhew, and exemplifie inthistriangle, and with- 
all to point out the ſaid ſixty queſtions here incident, referring e- 
very of them to their proper caſes. | 

And that theſe 60 problemes may be the more conformable to 
the 12 Caſes whereunto they are referred, I have marked this tri- 
angle fix ſeverall wayes : that ſo the things given and. required in 
every of theſe 60 problemes, (and ſoinall others) may in one of 
theſe triangles be noted by the ſame letters, as are uſed in the caſe 
and example whereunto that probleme is referred; whereunto 1 
am the rather induced by the example of the Honourable Lord 
Nepair ,in his. 12 Caſes of an oblique triangle, ſet forth in his book 
of the” Conſtruction of Logarithmes. ' 

Burt every man 1s at liberty to do herein as he thinks good, for 
the rules are generall, howſoever the triangles or their parts are 
marked.: .. EU 

And thus having. ſhewed .in generall, what caſes- and queſtions 
are incident ;in-an oblique ſphericall triangle, we come now to 
handle them par ticularly; Laying for the two firſt cles this 


Sround- 
ConſeRary I. 


In all ſpherical Triangles : The fines of the ſides, to. the 
ſomes of their oppoſite angles are aireitly proportional. 


T hat ts, Tn the firſt of the fore-going triangles. 'As the ſine of one 
E D, #s #n proportion to the ſine of his oppoſite angle at A: fo us 
the fine of another fide AD; to the fine of his: oppoſite angle at BE. 
_ the like is ' to be underftood in the ſecond Triangle, and ſo in 
the reſt. s 
Sa We ſpeak here of naturall ſines, As uſually whereſoever we 
ſpeak of the proportion of fines and tangents, we mean of the natu- 
rall fines and tangents, and where. we ſpeak of the equality of ſines 
and tangents, we mean of the artificiall ſines and tangents, that is, 
of the Logarithmes of the nacurall fines and tangents : Foy where 
there #s an equality of the artificial, there is a reciprecall proportionality of 
 thenaturall, as is evident by the Corol. of 3 Prop. of 2 Chap. of Plain 
Triangles. Foo ooo TT 5 4 __ 
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Conftru&. Now touching this Conſetary, Let ADE be an ob+ 
lqne anzled triangle, if then wele} fal the' per Ty -D' Bir BY 


reſolved into two r:ght angled eriangles, ADB, and EDB:. -- 


Bo, 

d y 
- SY FP, 
— 
A E = 


.'Demonſt. #herefore by the fundamentall Axiome of right angled 
triangles, if we take the' perpendicular BD for the middle part; and 
AD ang A for his oppoſite extreams in the trianglt ADB, ; aud E D,, 
and E for his oppoſite extreams in the triangle E DB; thu © 
Rad +$SD B 5s equall tes AD+$A, alſo | 
Rad-+$SDB is equall to s E D+SE. 

But things that are equall to one and the ſame thing, are equall. one to 
another : - ok SAD + $A, i5equalltos ED+ &E- T here- 
fore by the Coroll. of 3 Prop. 2 Chap: of plain triangles, the proportion of 
their naturall fines. is reciprocal, thus : $2. So ly a; 

As the ſneof ED, is to the ſineof angle A; EP! 

"is the ſine of A.D, tothe ſing of the angle at E. ' \, 0 

And the like xs tobe mes 21 1 the ſecond triangle. Therefore in all 
Pphericall triangles, &c. which was to be proved. = HR 

And bence may tme caſes in an oblique triangle be reſolved. As 


Caſe 1. Two Angles, with a ſide oppoſite to one of thim 
given - 0 fond the fide oppoſire 19 the other, 


As in the ſecond oblique triangle, ' Letthere be given 


The Suns azimuth from the wrth DAE, 107 deg. 16.. | 
whoſe compl. to 180 deg. being the San. 2 > RS 
Swns azimuth frem the ſouth, ole wha 7 24 


The 
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The hour from noon-E 3 bo. 45/-44%; | 


which converted into degrees, is © | JE . 26 

The ſans beight Sing the complens:nt of AD, 32 23 

And let there be required the Suns declination, which is the 
compl. of E D. ; 

As the (ine of an hour from noon, s E-56d. 26/, co. gr. 0,0792283 

_ tothe fine compl.of the ſuns beight's AD 57.32 _. 9,9 261909 

ſothe ſine Ji ſuns nd Ss A 72 24 9,9791798 

to the ſine of the compl. of the 25d. and, . 

ſuns declination, oy C $ED 74 5o 9,9845981 


Whereby the ſuns declination appears to be 15deg. 10 
Another Example of this kind. 


Let there be given in the fifth triangle, / 
The ſuns azimuth from the xrth DEA, ' 107 deg. 36! 
whoſe complement to 180 deg. is. BED, _ 24 
The hour from noon A 3 bo, 45/-44/), 7 is p 
which converted imo degrees us __ 5 
The ſung decimation, the complement of A D I5 19 
' And letthere be required the Suns height, being the comp!- 


es the ſine of the Azimuth, s E 72deg. 24/ co.ar. 0,0208202 
to fine compl. the ſuns declinat. $S AD 74 50 . 9,9846033 
fo the fine of the ho. from noon, 8 A 56 26 9,9207717 
' to fine comyl. the ſuni height. SED 59 32 9,9261952 

---* Whereby the' Suns height appears to be 32 dep. 28/. 


| Note. By the imitation of either of theſe examples, there may four 

ether queft1ons in this Triangle, and ſo of any other be reſolved: 
As 3. If (wm the firſt triangle) there be given, 

The hour of the day, the angle of the ſans poſition, avd the height 


| of the pole: To finde the height of the {wn. 
| ' 4 If therewere givenin the fourthtriangle. © 
T he hour of the day, the angle of the ſuns poſition, and the height 
of the ſun: To finde the height of theole. "THEY 
5 If there were given m third triangle, * LES 
015 | K 2 The 
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The ſuns azimuth, and" agle of. poſition, and declination : To. finde 
> ET WE 


the elevation of the pole. | TEWE 
6 If there were given in the ſixth triangle, 


The ſuns azimuth, and angle of poſition, ard the poles elevation « | To 


finde the ſuns declination. Sts: 
Caſe 2. Two ſides with: an angle oppoſite to one” of them 
given : to finde the angleoppoſue tothe other. 


Let there be given in the ſecond oblique triangle, 
The ſuns height above the horizon, compl. A D 32 deg. 28/ 
The ſuns F—_—_ northerly, compl., ED. , rs, 20 
The ſuns azimmth A 107 deg. 36", or A 33 | 24 

And let there be required the hour from noon E. 
As = compl. the ſuns declinat. 's ED 74 deg. 50 co.ar. 0,01 5 3967 
to the ſine of the azimmth ; SA 72 24"  9,9791798 

' fo ſine compl. the ſuns height, SAD 57 32", 99261900 
to the ſine of the ho. from noon. SE 56 26 ' 9,9207665 

Which 56 deg. 26/ converted into time, is-3 ho. 45” 44”, 

which in the forenoon is 14/-16// after $ of the clock, but 

inthe afternoon 457-447 after three of the clock. ; . 


Note. The arch or angle anſwering to 9,9:07665, is not full 56 
deg. 26' but wants almoſt a fifteenth part of a minute, or four 
: ſeconds, bur for the more facility ' and readeneſſe, it Heal ſuffice 


.'to give the examples to. minute, ſuch as deſire. mare preciſeneſſe 


| rr do as we have ſhemed in the ſecond chapter of plain triang les, 
EEE ON TG 

| Another example of this ſecond Caſe. 
Let thirebe given inthe fifth eiangle," ek 
T he ſuns declination northeyly, complement 'AD '15 deg. 


EFy 


\ 


- The ſung height above the horizon, complement ED 32 © 28 
T he ho from noon, 3 ho. 45/-44//, which in eg.%"A 56 26 
And letthere be required the Suns azimuth 'E $431 


170? 


[1 
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. Proportion. 
es fine compl: the ſans height,s E D 57 deg. 32/.co.ar. c,o7381c0 
to the ſine of the houre ; SA 26 9,9: 07717 


fo fine compl. the ſuns declinat.s AD ' 5O 9,9846033 


#0 the fine of the Azimuth SE 8 24 9,9791850 
Which 72 deg. 24/ is here the ſuns azimuth from the ſouth, 
the complement whereof to 180 deg. is 1c7 deg. 3C/ 
the ſuns azimuth from the north. 


By imitation of either of theſe examples, there may four ather queſt i- 
0595 312 this —_ and [0 oof any other be reſolved: As 
. 3 Tf there were given in the firſt triangle, 
' The Je elevation, the ſuns height above . horizon, and the hour 
Jrow on : To finde the ſuns angle of poſition. 
| 4 If there were given in the third triangle, 
'T he, ſar declination, the poles elevation, and the ſuns Ws of pet tiow : 
To finde the ſuns azimmh. 
5 Jf there were given in the fourth triangle, 
The 7 Lick above the horizon, the poles elevation, and the angle 
of peſition : To finds the hor. 
_ * 6-1f there Were given in the ſixth triangle, _ 
Ko "By poles elevation, the ſuns declination, and evi] T, finde 


the angle of the ſmns poſition. 


This firſt conſeRtary might alſo have been propoſed thus. 
Of oppoſite ſides avd angles, the ſine of a ſide with the fine of. an. an- 
. gle oppoſite to another. ſide, ts. cquall to the. ſine of that. other Ji 
"with the ſine of the angle oppoſſte te the firſt. Thatis, 
. SAD+-3A is equall to s ED E. 
Which in effe& isthe ſame with the former, and in like ſort 
demonſtrated. But the former is to be preferred being briefe, 
| perſpicuous, and well known to fuch as have been converſant in 
ſphericall triangles. | 
But in the uſe of this ConſeRary, and of the two laſt Caſes; 
there happens the like doubt, as we have noted upon the ninth 
caſe of plain triangles. . Namely, in ſphericall triangles it is doubr- 
—_— whether the angle neareſt to a right angle, and his oppo- 


te 
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ſite ſide be both of one and the ſame; or of divers kinds, unleſſe 
you diſcover it by your work, or that it be a thing given by ſup- 
ofition. 
g This doubt may for the moſt part be removed by the exa&t de- 
lineation of the ſcheam or figure : whereby you ſhall perceive 
whether a ſphericall angle be acute or obtuſe. and a fide greater or 
leſſe then a quadrant. But you may be further directed herein ,by 
the three propoſitions of the Baron of Aarchiſton, which I have 
for that purpoſe, ſet down in the firſt chapter of ſphericall triangles. 
As in this laſt example, ſeeing the ſide A D 74deg. 5c is 
nearer to aquadrant than his oppoſite angle at E being 72 deg. 
24/, or 107 deg. 36/ therefore (by. the lait of thoſe three) two 
angles of that triangle are of one kind, and the third greater than 
a quadrant. That is, the two angles at A and D, are acute, and 
the third at ZE, namely, eLED is greater then a quadrant : 
therefore the angle there found A ED is 170deg. 36/. And the 
like judgement is to be given of others. _ | 


CHAP. V. 


Of eight other _ of an oblique ſphericall Ti rian- 
gle, reſolved at two 8-4/0 by 4 per- 
| pendicular let fall. 


T7 the eight caſes next following, there are alſo three thir 

| (in an oblique triangle) given, to finde a foutth, for the find. | 
ing whereof it is requiſite that the triangle propoſed be reduced 
to two right angled — by a perpendicular let fall fromone 
of theangles to his oppoſite ſide ; which perpendicular falls ſom- 
times withinthe triangle, ſometimes withour. : 

Tf the angles at the baſe be both of one kind,(that #« beth obtuſe o both 
acnte ) the yerpendicalar falls within the triangle ; if of devers kinlls with- 
out : and the converſe. mc ea 

In letting fall the perpendicular, you are to obſerve theſe three 
conditions, —_— the firſt. . | 

1 From the end of a fide given, being adjacent to an anole given 
tet fall the perpendicular Lok to that po, ne AB P 


2 end 


i 
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2 Anatonching in ſome part the fide required. 54. ; 

3 Or oppoſite ( if it may be } tothe angle required. © oe 

The firſt of theſe conditions is neceſſarily to be obſerved in all 
the 8 caſes following ; the ſecond in the ſixth caſe, and the third 
in the fourth caſe, though all true in every caſe. 

And thus ſhall we have: two right angled triangles, and the 
hypothenuſall in one may be ſaid .to' be correſpondent to the 
hypothenuſall inthe other, and the baſe inthe one to the*baſe in 
the other ; and ſo the other parts. wy (JE 

Then in one of theſe right angled triangles, (which for diſtin. 
ion ſake we call the firſt) there is given the hypothenuſfall, and 
angle at the baſe, whereby may' be found the baſe, or angle at the 
perpendicular, as occaſion requires ;_ by the ſeventh or ninth ca- 
ſes of right angled triangles. And this is the firſt operation: 

For the ſecond, there muſt (of the things thus given and. re- 


quired) two things in one triangle, be compared to two corre- 


ſpondent 'things 1n the other triangle, which ewo in”each, with 
the perpendicular, make three things in each triangle, either ad- 
Jacent (that iis lying together) or oppoſite ; of which three the 
perpendicular is alwayes one of the extreams, and the thing re- 
quired, one of the other extreams. All which may appear ineve- 
of theſe ſix triangles. ge TE | 
"-So that by the firſt generall Axiome of right angled ſphericall 
triangles. E | 6s 


IT we -- AD is equal wa ed ae OM | 


$£DB-CEB 50 E D-+ Radins- 
23, D 5 "Ou isequall to 3 T 8 | "4 fu 
Radins 4-5c AQ. sBDA+5sScDB. 
37 D2b-s5BDEC © cqualitoy,. x Radins. 
Radins4-5cBDAT?.-- tc AD-+tD8: 

is equall to ic BDE -I- Radine. 


: D B+FicED 


But if from equall things we take away equall things, the things 
remaining ate equall.Therefore from either ſide taking ror -c D B, 


and Radixs, it followes that ae 
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1 5s AD+&EB isequalito cs ED +e AB 
2 s AB-FtcE isequall to 5s EB =+ tc eA 
3 ee eA-psBDE isequallto 5 E s$BD A 
4 © BDAFtc ED isequall to 5 D BE-+36 eAD 


H--., 
SG % w 


Wherefore in each right angled triangle, ſuppoſing rhe three 
parts more remote from the right angle, to be noted as is afore- 
ſaid withitheir complements, and uſing (as is expreſſed in the 
fundamenta)l axiome) the ſines of the middle parts, and the tan- 
gents of the extreams adjacent, or the fines comp. of the oppoſite 
extreams, you may obſerve, that 4014 Rn 
T he middle part in this firſt triangle, with the extream in the ſecond : 
” equall to the middle part in the ſecond, with the extream in, 
the firſt. 

And be be of LG ConſeQary might theſe eight Caſes be 
reſolved, hich alſo by the Corollary of 3 prop. chap. 2- of 
plain triangles may be propoſed: as followeth ; in. which forme 
we intend'to uſe it. EF -» oaks 


ConſcQary 2. b 


eAs the middle part in the firſt Trianghe, « in proportion to the 

widale part in the ſecond: ſo ts the exreamin the firſt, to the ex- 
tream 1n the ſecond. | 

\. Though the perpendicular be alwayes one of the extreams in 

either triangle, (as 1s before noted) yet we uſe not that, but the 

other extream in both. | ſes, 6/000 

Where- 


4 \ 
l, " I Py 


ſecond. 
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Wherefore in any of the ſix oblique triangles, ſeeing AB 
polit 


and DÞ, are oppolite extreamsto AD, as E Z and DB areto 
E D, therefore | 

1 As .c AB tos EB: foss ADtosw ED 

And ſeeing A and DB, are adjacent extreams to AB: as E 
and D B, areto E B, therefore 

2 ASS AB,tO 5SEB: ſo tc A, totc E. 

Again, ſeeing, BD A and DB, are oppoſite extreams to A, 
as BDE and DB arcunto ZE, therefore | 

3:45 5s BD A, tos BDE: lo xc A, to 5c E. 

Laſtly, ſeeing A D and D 3, are adjacent extreams to B D A: 
as EDand DB, are unto B DE, therefore LT 

4 AS 5c>BDeA, to c<BDE: orc AD, torcE D. 

And thus for the better underſtanding of this conſeRary, it 
may be divided into theſe four parts. 

1 As ſine compl. the firſt baſe, to ſine compl. the ſccnd: ſo ſine 
compl. the firſt hypothenuſall, to ſine cunppl. the ſecond. 
And this ſerves for the 3 and 7 cafes following. Be x77 

'2 es the ſine of the firſt baſe, to the fine of the ſecond : ſo tan- 
gent compl. the firſt angle at the baſ: , to tangent compl- the ſecond. 

| Which ſerves for the 4 and 10 caſes. 

3 As the ſine of the firſt angle at the perpendicular, to the ſine of the 
ſecond : fo ſine compl. the firſt angle at the baſe, to ſive cumpl. the 


Which ſerves for the 5 and 9 caſes. £0 
. 4 As fnecompl. the firſt angle at the perpendicular, to fine compl. the 
ſecond : ſo tangent compl. the firſk hyputhenuſal!, to tangent compl. the 


ſecond. - 7 
And this ſerves for the 6 and 8 cafes following. 

The words. (f;rſt and ſecond) we here uſe to diſtinguiſh the two 
right angled triangles. | h 

This conſeRary: might have been otherwiſe demonſtrated, as 
by producing the ſides of the oblique triangle to quadrants, &c. 
Burt | have the rather uſed this forme, that ſo the deduction there- 
of from' the firſt fundamental} Axiome befote going might 
the better appear. And this ground thus laid, we come now. to 
the 8.caſe thereon depending. | | 


| 6 Caſe 
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Caſe 3. Two ſides, and their contetned angle given : 
ro finde the third fide, 


| Let there be given inthe firſt oblique triangle, 


T be Poles Elevation, complement | AD, 514. 32 
T he ho. from noon 7 ho. 45-44”), which in degrees is A 56 26 
The Suns declination northerly, complement AB, 15 10 


» Fad *. 
a %. 


- And let there be required the Suns height, complement E D. - 
Firſt, By the 7 caſe of right angled triangles, to finde eLB 


and EB. 


o 


T he hour from noon, \ A 56 deg. 26. s A 9,7426520 

The poles elevation compl : AD 51 32 tAD 9g,g0co865 

| The arch AB 23 43 tAB 9,6427385 
The ſumme or remainer of eſB and AE is EB 


But here from AE 74 d. 5o/ | Or ifiocompl: AE 15 deg. ro min, 


ſubſtraking AB 23 43; U* adde AB 23 4z 
; —— | We havecompl. EB 38 $g3 


there remains FB Fr o7| miſootthercih. 
Secondly, for E D, by the ſecond conſeRary, the proportionis. 


As fine compl, the firſt arch feud, 5 4 BY-2 C's 66d. 157 c0.4r.0,0383200 
ro fine compl, the-ſecond arch found,sc & I. w J438 53 9,7977 775 
£S YI5l 32 98937452 


fo isthe fine ofthe polesclevarion, $c 4A D 
$32 28 9,7298427 


ta. the fine of the Suns akitude, $sc ED 


2 Example 
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2 Example, 
Let there be given in the fifth triangle, 
The Suns declination northerly, compls AD 15 deg. 1ef 
The hour won, 3 bo.q 57-44% puhich A 


95 


3s degrees is the angle. 5p _o 
The Poles elevation, complement AE 7$ 28 . 
And let there be required the Suns height, compl. E D. 
irſt, for «7B, and E B. 
T he hour from noone A 56d 2&4 5A 9,7426520 
The Suns declination compl. AD 15 10, t AD 1c,5669195 
The arch AB 63 53 rt AB 10,3eg5715 
From which ſubſtratting AE 33 28 
there remains EB 25 25 


Secondly, for Z D, the proportion is, 
As fine compl. the fuft arch found, sc AB v & 4264, 07 c8.ar. 0,3563496 
to ſine comp.the ſecond arch tound 5c EB ., Js64 35 9,9 547890 
ſo is fine the Suns declination, 5c ys ; 855 10 9.4' 76837 
ro ſine the Suns altirude. 3c ED 7 9,7298233 
Note. eAlthongh there be a difference between the artificial ſine 
bere found, andthe former, yet the difference of their arches is little more 
than one tenth part of a min: which ariſah by neg leBting the ſeconds 
and thirds in the. arch firſt found A B. He that defires to werk, io ſe- 
conds, may do it as we have fhewed chap. 2. ſeB. 8. if plain triangles. 
But in theſe examples we wad, not trouble beginners with them at 
the firſt, it being ſuſficient for ordinary occaſions, if the work, be true 
50 4 mmnte. 
And after the forme of either of theſe examples, we may cal- 
culate tables of the Suns height for every hour and minute of 
the day. By which tables may be made the Quadrant and Ring 
Dialls, and other inſtrumentall and fixed Dialls, thas, give the 
bour of the day by the Suns beight. | 
3 Example. 
Let there be gives in the ſecond oblique triangle. | 
. The Suns height above the horiaan, complement AD 72 d. 28/ 
The Suns azimuth D A E, or rather the acute ang, B A D 92 | 24 
T he Poles elevation complement, AE «<1 22 


LI And 


76 : Trigonometrie. 


And let there be required the Suns declin. compl. KB. 


Firſt, for AB and EB. 


The Suns azimuth from the ſomth, A 72d. 247 $CA. 9,4805385 
The ſuns height, complement, AD 32 28t AD 10,1963704 


x The arch AB25 25tAB 9, 6769089 
Whereto adding * AE 38 28 | 
The ſumme is #B 63 i-$3 


Secondly, for E D, the proportion is. 


As fine cowpl. the firflarch found, sc ABJ.c , 564d.35” c0.a7.0 044210 
ro fine comp.the ſecond arch tr undgsc E BY -,, Js26 07 9,6436504 
ſo is the finc of the Suns heiphr, «« AD(_& Ys32 28 9,7298197 
ro the line of che Suns declination, oe E DOM 7515 10. 9,4176811 


T he ſame might be found by the ſame things given in the ſixth tris 
angle, Where t/ e perperdicular falls from the pole. | 
And after the form of any of theſe three examples there may a third 
queſtion inthis triangle, and ſo in any other be reſolved, i” 
As 2. If in thethird or fourth triangle there be given, 7 
The ſuns declination, the ſuns height above the horizon, and the angle 
of the ſuns poſition + to finde the Poles Elevation. 


. Cale 4 Two ſides, and their contained angle 
given : to finde one of the other angles, \. 


| Let there be given in the ſecond oblique triangle; 
The ſuns height above the horizon complement A D, 32 deg. 28/ 
T he Poles Elevation, complement, AE, 51 32 
Tbe ſuns azimuth D A F, or rather the | 
T] | | BAD 72 24 
acute angle'. | | 
| And letthere berequired the hour from -noon ZP, 


Firſt, for AB and E B. 


T he ſuns azimuth from the ſouth, A 72d. 24/ 5A. 9,4805 385 
The ſuns height, complement, AD 32 28tAD: 1 0,1963704 


The arch + Maar | eta - 9,6769c2g 
The 
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The ſumme or remainer of AB andA FE, is E B. 
But hereunto AB 25 deg. 25/ 
Adding AE 38 28 


The ſumme is EB -63 53 


Secondly, for ZE, by the ſecond conſeQary the proportion is, 
As the fine of the firſt atch fourd, s ABY © © 25 d. 25.00.47. 0,367 3424 
to fine the ſecond arch found + +x$E ec Þ 63 53 ' 9 9532277 
ſo rang. compl. the azimurh cc AC a Je17 36 9,50l35b8 
ro tang. compl. the hour  tcEIhe, 33 34 9 8219289 
Whoſe compl. 56 deg. 26/ converted into time is 3 ho- 45-44” 
before or after noon: | =. | 
e£A«the. fine of the. firſt. arch found, - 
Or the pro- ro the ſine of the ſecond arch found: 
portion is 0 15 the tang. of the azimuth from eaſt or weſt, 
| to the tangent of the hour from ſrx. 
Or by the :\ es the ſine of the ſecond arch found, 
theoreme 0f J:# 6 the ſine of the firſt arch found: 
ch.4.of plain Yo z the tang. of the azimnth from the meridian. © 
triangles. C to the tavigent of the hour from noon. * 
Note. The like variety \may be uſed in the next example, and 
alſo in the examples of the 6, 8, and 1octles, and partly 
inevery caſe; which having here briefly noted, we thall 
teave to your own- pradiſe, as your occafion requires. 
1:2 Baa... ei 
Let there be given inthe fifth triangle, Fee 
T he ſuns declination northerly, complement AD. 15 deg. 10/ 
T he ho. from noon 3 ho. 45'-44'!, which in degreess A 56 26 
The Poles elevaticn, complement AE 51 , 32, 
And let there be required the Suns azimuth EZ, 
Firft, for A B and E B. ME 
T he ho. from noon in degrees, A 56 deg. 267 3& A - 9,7426520 
The ſuns declination compl. AD i5 - . 19 tAD: 10,5669195 


The arch . AB 63 52 | AB. 10,3095715 


ic| i - 28]. , Orynto, , AÞB635 
From which. ſubſtracting A E 38... 28 |.,; Fey cert: "v_g 3 


The remainer is AB 25 25] gumneis EB 15 26 
Secondly, 


_  Trigonomtirie. 
Secondly, for ZE. 


A; the fine of the firſt arch founi, 6ABYF ,, ©8634, 53%. 00,49, 0,0467713 
to (ine rhe (ſecond arch found, $EBL” Js35 25 9,6326576 
ſo is rangent compl, che hour, «<tc A 


£39  |30- 9.8218803 
torang:nr comp). the azimuch, cc EYa Cri7 36 9, 5013102 


which 17 deg. 369 is the ſuns azimuth from the eaſt or weſt, 
and the complement thereof 72 deg. 24), is the ſuns azimuth 
from the ſouth, whoſe complement 14 180 deg, that us, 107 deg. 
36/ i his azimuth from the north. 
Hence might ables be framed ſhewing the ſuns azimmth for every 
hour of the day, and for ſeveral! ſeaſons of the year, whereby. may be 
made the Dialls rendring the hanr by the ſuns azimuth. 


By imitation of either of theſe examples, there may four other queſt i- 
ons inthu triangle, and ſo of any other be reſelved: As | 
3 If there were given in the firſt oblique triangle, 
The Poles elevation, the hour, andthe {wms declination : To finde the 
ſuns angle of poſition. rt "5 


. 


4 {f there were given in the third triangle, 


T he ſuns declination, the ſuns angle of poſition, and the ſons beight : 
To finde the ſuns azimuth. 


5 If there were given in the fourth triangle, 


The ſw*s height, the angle of poſition, and the ſuns declination: To 
finde the hour from noon. | 


6 If there were given muhe ſixth triangle, | 
The Poles elevation, the az;wurth,zend the ſuns altitude: To finde the 
awngle of the ſuns poſition. | 


Caſe 5. Two angles, andthe ſide between them 
© given: to findethe thirdangle. 
Let there be-given in the firſt oblique triangle, 


The Poles Eleuation, complement AD, 5rideg 32 
| The ho. from noon 3 ho. 45-44", which in degrees is A, 56 26 


The ſwns azimuth, W109 "1 36 


And let there be required the angle of poſition, Ee 
| <A [F.> —Fieſ, 


0 
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Firſt, for the angles B D A and BDE, by the ninth caſe 0 
right angled triangles. | 
T he Poles elevation, compl. AD 51 d. 32! © AD 9,8937452 
T he hour from noon A 56 26 t A 1o,r781197 
The angle BDA4o 17 tcBDA 100718649 
The famme or remainer of BD A and D,is BDE.- 
But here from D 107 deg. 36/ 
ſubſtracting BDA 40 17. 


The remainer is BDE 67 1g. 


Secondly, for the angle E, by the ſecond conſeQary. 

As the fine of che firſt angle tound, s BD ity ,, £54017” 50.87, 0,18938 59 
ro the fine of the ſecond angle found, s BDE(Q*"* Ys 67 19 9,96503 71 
ſo is the fine compl. the hour, SC A S 33 34 9.73265 20 
ro fine comp). theangle of poſici n. 5c E $ 52 05 938970750 


bhnd 
ey 
with 
— 


Therefore the angle of poſition E, is 37 deg. 55 
The ſame might be found by the ſame things given in the 
ſixth triangle, where there the perpendicular falls from the Pole as 
here from the Zenith. | 


And after the forme of this example there may two other queſtions in 
thi triangle, and ſo in any other be reſolved. As | 
2 1f inthe ſecond and fourth triangle there were given, 
The 7 xa the ſuns azimuth, and angle of poſition : to finde 
' the hon. YY. bh: 
3 If inthe third and fifth triangle there were given, 
The ſuns declination, the hour, and anjle of poſition : to finde the 


ſuns azimuth. 


Caſe 6. Twoavgles, and the fide betweey them 
given : to finde one of the other ſees. 


Let there be given in the'firſt oblique triangle, 


The Poles Elevation, alemert AD, 5rd. 32/ 
The ho. from noon, 3 bo-45/-44/, which in degrees 6A, 56 26 


The ſuns azimuth from the north the obruſs angle D, 17 n 
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And let there be required the Suns height, compl. E D. 
Firſt, for the angles B D A and B DE. 
T he Poles elevation, compl. AD 51d. 32's AD aartars 


The hour from noon in deg. A - 56 26 t A 10,1781: 97 
T he angle BDA4qo 17 tc BDA no,cm18649 + 
The ſumme or remainer of BD ef andD, 68 BDE. 
But here from - D 107 deg. 36/ 


ſubſtracting BDA 40: 17 
The remainer is BDE 67 19 


F.1 
MP, - 
* *% 
oO) ®, 
. 


JE" for E D, 


As fine compl, the firſt angle found, $C BDA Cs 49 4 CO ar. 0,1175572 
to fine compe the ſecond angle found,*&'BDEQC & 322 qr | 9,5861794 
ſo is rang. the poles elevation, cc ADCE yer 32 10,0999135 
ro the tang.o1 the ſunsalticude, © oc ED c32 28 "9,8136501 


Note. By imitation of this example there may five other queſtions 
in this oblique triangle, and fo in any other be reſolved, «As 


'2 If there were given inthe ſixth triangle, 
The poles elevation," the £2 azimuth, and the houre from noon : to 
finde the ſuns declination. 
2 If there were given in the ſecondtriangle, 
The ſuns height, the azimuth, and the mg of the fans "0 Rf; > to 
| finge the ſuns declination.” \ - 
4 Afi therewere ens the frnth krevnale, "00D 


Ri. p k 


atk gi "The 


'Þ 


= 
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T he ſuns altitude, the azimmh, and the angle of the ſuns poſition : 
ro finde the poleselevation. 
5 If snthe thirdtriangle there be given, 
T he ſuns declination, the hoar, and the angle of the ſuns poſition * to 
finde the altitude of the pole. | | 
6 1f in the fifth triangle there begiven, 
The ſuns declinaMer, the hour, and the angle of the ſuns yoſition : ta 
finde the ſuns altitude. 


Caſe 7. Two ſides, with an angle oppoſite to one of 
them given : to finde the third ſide. 


OT 


> P 


Let there be given in the ſecond oblique triangle, 


T he ſuns height above the horizon, complement AD, 32 deg. 28/ 
T he ſuns azimuth, namely, the acute angle at A, 72 24 
T he ſuns declination northerly complement ED, 15 10 


And let there be required the poles elevation compl.  eAE. 
| Firſt, for the arch 4 3. = 


The ſuns azimuth, ' A 72deg. 24/ s« A 9,4805385 
The ſuns height, complement, A D 32 28t AD 10,1963704 
The arch firſt fond — AB25 25tAB 9,6769089 


A a EE - - D 
M Secondly, 


$3 Triganometrie. 
| Secondly, for EZ, and-{o for A E- 
As os fine of the Suns height, sc Ir E 32 dep. 28" 00. a7. 0,2701 803 


to the fine of the Suns declinar. sc ED s$I5 Io -  9,4176837 
_ ſo Gae-comp.the firſt arch trund, sc AB = Þ666 34 . #9551390 


to linc com.the ſecond arch toundgsc EB ja C26 oF  g64g6539 
ſo that the axch E B is 63 deg- 57. 
"The Tunime or remainer of AB and E B, « AE. 


But here from EB 63 deg. 53” 
ſudſtratting AB 25 | 25 
The remaineris A E 38 28 the —__ required. 


2 Example. 
Let there be given inthe ſixth criangle, 
The Poles Elevation, complenyent. AD, FI deg- 232 
The ſuns azimuth from the meridian A. 72 as 
+ Acne: angle at ' | 


The ſuns decl ination as . dentate E D 7 ZE” 
And let there be required the Suns ONE A FE, 


aa A -"=y 24% PREY Bg3a5;85 
The poles elevation compl. AD 51 32 t AD 9g,g000865 
The arch firſt found, AB13 30; © t AB. 9,38c6250 


Secondly, for EB, and fo _ eAE, 


As the Gne of the Poles elevation, scAD $ 51d. 32” co,ar. 0, 1062548 
co.the (ine of the Suns declination, «ED YJ.,.Csi5 16 9,4176837, 
ſo fine comp). the firſt arch found, scAB $76 295 9,9878163 
to fine comp. the ſecondarch found, «c EB $15 $75  orinnas 


| Sothat thearch EBis71d. 027 
fram which ſubſtraQing ; - I - 565 | 
Theremaiber is * 
Whoſe compl. 32d. 28/ is. the fans dovght required. | 


935117548 


Note 


v9 RA Wa 7 lt 
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Orif tocompl. E Z 18 &. $5!” F 


% 


Natr. Yonadde AB 13 7506; 81, Uh. 
You havecom. AE 35 28 the ſuns heightrequired. 


\ .T foonld degrefſe too much; if I ſnuld flew all the uſes whertwo 
the queſtions falling out in this one trianple might be appthhd* ſome 
of the principall 1 thought good to poirt at, that 1 might For geeſe 
of _— eſpecially in theſe later caſes belly ſomething Tardlh " then 
the reſt. | 

Thus by this propoſition yow may for one day, in any latitude, finde 

how many Hes : yr aw the kd the ſus wilt be pb any = of 
the coipaſſe ; and thereby the variation of the compaſſe. © | 

As admit ap: For the latitude of 51 deg. 32 northerly, . 1 finde by 
the tables for that prrpoſe the ſuns declination northerly, for ſome day, 
tobe 15 deg. 107. eAnd 1 would kyow how high the ſun will be that 
day, being uponthe eaft ſontheaſt point of the compaſſe, that is 67 deg. 
30/ from the meridian. Here working according to the fermer exam- 
ple, 1 finde the ſuns height to be about 5 deg. 33, therefore I 0b- 
| ferve with ſaſfe quadrant, or other inſtrument, till 1 finde the ſun to 

be 25 deg. 33 high, andthen i the ſun ſoutheaſt. yherefere' at that 
inſtant ſetting the ſun with my compaſſe, if 1 finde it to be upon the eaſt 
ſentheaſt point, then hath it no variation: if it differ, look how much 
that difference is, ſo much is the variation. which whether it be enſter- 
Ly. or _ may be known by the rule' before given after the 12 
caſe of the third chapter of right angled ſphericall triangles. | 


By this prop! alſo are the azimuthes: drawn 6n thoſe qua- 
drants' that give the Suns azimurh- by his altitude and fo 
on thoſe dialls that do the like. O51 FIa! $4 


* And. after the forme of either of theſe ewamples there muy four ot her 
queſtions in this oblique triangle, and: in any other be reſolved, As, 
3 If there were given inthe firſt oblique triang le, 
T he poles elevation; tht how frons not, and the fwnt height : to finde 
* the ſins declinatib# Tr IHY EBLE 13 
& If there weve given in the third trianyle, WOES, 
The ſuns de oliration, the ſuns angle of poſit ion, att the” petes' ehtvati- 
on: b fie the ſmnshebohe. + | | 
Avi 2 W5 'Y, 


+ A 


© of. 


34 
The ſuns height, the angle of the ſuns poſtion, and the poles elevation : 


Trigonometrie. 
5 If in the fourth triangle there were given, 


to finde the ſuns declination. | 
6. If inthe fifth triangle there Were given, 


The ſuns declination, the hour from. noon, and the ſuns height above 


the horizon :. to finds the poles elevation. _ 


Caſe 8. Two ſides, with an angle oppoſite to one of 
" them given: to finde ther conteined angle. 


Let there be given in the firſt oblique triangle, 


T he _ elevation, ..compl. AD, 51 deg. 32/ 
' The ho. from noon 2 bo. 45-44”, which in degrees is A, '56 26 
The [mns altitude above the horizon, compl. ED, 32 28 


And let there be required the Suns azimuth from the north, D. 
Firſt, for the angle B D A. 1 

T be poles elevation comp. AD 51 deg. 32/ CAD 9,8937452 

The hour from noon, A 56-9 26 t A 10,1781197 


The firſt angle found BDA 40 17.tc BDA 10,071 8649 
Secondly, for BD E the proportion is, 


c0.4r.07r 
As rang. of the poles elevation, tc I _< = tAD,9,9000865 


ro rang, of the ſuns altitude; tc EDJ" Crzz 28 ' 9,8036296 
ſo fize comethe firſt angle found, sc BDAY = (549 43 9,832 4428 
to fine compl. the ſecond. Sc BDEC  Is22 41 '9,5861 589 


The ſumme or remainer of the firſt a»d ſecond angles found, 
namely of BD A and BDF, «the angle required D. 

But here to BD A 4od. 19/ : 

adding BDE 67 19 

The fumme is D 107 36, the Suns azimuth required. 


hat 


2 Example. 
| Let there be given in thefixth triangle, | 
T he. poles elevation, complement AD, 51 deg. 327 
The ſuns azimuth from the meridian,the acute angle, A, 72 24 
The ſuns declination. compl, ED, rs 10 


And let there be required the hour from noon D. 
be Firft 


<4 note. Ae 4 


The ſetend Boaki: 85 


+: \.» Firſt, forthe angle BD A: - 1: | 
T he peles elevation compl. AD 51d. 32/ 5c AD 928937452 
The ſuns azimuth, A 72 24 t A 10,4986412 
7 he firſt angle fond, BDA22 oz tc BDA 10,3923864 


Secondly, for B DE the proportion. is,, 


| | { WY . ; 4 C8.47s or 
Asrarg. of the poles elevation, tc ADpO ,, Jt 51-33 Þ cAD.9,9000865 
to tang, of the ſuns declination, -xc ED Y' Cru 15-10 9,4330804 
fo fine com.to the firſt angle found, s« BDA 3 (5 67-57 9,9670128 
to fine comp). the ſecond. 0 - $6 BDEE Fa Qs 11-31 93001794 


So: that | ; BDE is 78d. 29/ , Or if unto BDA 22-03. You 
From which take B DA 22 03 add co. BDE 11+ 41. The ſum 
The remainer is D $56 26|isco.D33-34.the hour from 6 


Which 56 deg. 26/ converted into time is 3 ho. 45/-44// from 
noon, that'is, 14/-16/7 after 8 of the clock in the fore- 
© noon, or 457-44 after ; of the clock in the afternoon. 

And thus in any place, for any day, you may frame a table of 
the hour and minute of the Suns poſition upnn every point of the 
compaſſe. Whereby you ſhall manifeſtly ſee the errour of the com- 
mon rule of bringing two and thirty- to four and twenty. 


By wmitation of either of theſe examples, there may fonre cthey 
queſtions in this triangle, and ſoof any other be reſolved: es 


2 Tf in the ſecond obligue triangle there were given, 
The altitude of the ſun, the azimuth, and the (uns declinaion : to 
finde the angle of the ſuns poſiticn. | 
4 If inthe third triangle there were given, 
The ſuns declination, the angle of poſition, and the pales elevation :- 
to finde the howr, 
5 If inthe fourth triangle there were given, 
The (uns altitude, the angle of piſition, and the poles elevation: to. 
the ſuns azimuth. | 
6 If in the fifth triangle there be given, * 
T he ſuns declination, the hour, and the altitude of the ſun above the 
berizon : to finde the angle of poſition. , 


Caſe 


q 
- ls I 


a i wl 
"1 RE. ne >. oe = ret oe oe nu < 
SOV => ne as.) A 


ind, 
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Caſe 9. Two anzles, and a ſide oppoſite: 10 one of them 
given : to finde the third angle. | 


| Let there. be given in the ſecond oblique triangle, 
The ſuns height above the horizon, complement AD 32d. 287 
T he ſuns azimmth from the meridian, the acute angle : A 72 24 
T he hour from noon, 3 ho. 45-44, which in deg. is B 56 26 
- And let there be required the angle of poſition, D. 


— i Firſt, for the angle B DM. | 

T he ſuns altitude compl. AD, 32 d. 28/. s« AD 9,7289197 
The ſuns azimuth, A 72 24t- A 10,4986412 
The angle firſt found, BDA, 30 35 tc BDA 10,2284609 


| Secondly,” for B D E, the proportion is. 
As fine compl. rhe azimuth, © $sc AF-v- +917 d. 35” 60. ar, o,S194615 
ro fihe comp. tho hour from noon, s:BQ, Y323 34; | $,74265 20 
ſo the ng of che firſt angle found;s BDAG = 1530 35. | $,7065394 


eo the ſing of the ſecon s BDEJR 568 30 9,9636529 


The fumme or remainer of the firſt and ſecond angle found 


BD Aand BDE, isthe angle Drequired. 
But in this example, From B D'E 684d. 3c/ 
ſubſtracting BDA 30 35 © 2 ne 
The remaineris D 37 55 theangleof poſi- 
- (rtionrequired, 


eAfrer the forme of this example, there may froe ther queſtions in _ 
this oblique triangle, and ſo inany ather be reſa{ved. Oe 
2 1f inthe firſt oblique triangle thert-he given, 
T he palos.elevation, the hour from noon, and the angle of the ſuns: pe- 
ſition: to finde the ſuns azimuth. | . 
2 If thereWeere. given #n t' e third triangle, ; 
The ſuns diclnation, avgle of . Refttion,, and the ſuns azimmh :- tg 


- 


* < 


frnge the hour from noon. . WET : 
4 /f there were. given #1 the_fonrth triangle, OG 
The ſuns attitede;. the angle of poſition, and the hour. from noon : #0 
Suge the [lit m_ LL CG GT 
5 If inthe fifth triangle there'be oiven, 


EY, > +» 
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The {uns deolination, the hour from noon, and the fans azimuth : 


to finde the angleof the ſuns - poſition. 
6 If there were given in the ſixth triangle, 
T he poles elevation, the ſuns azimuth, and the angle of the ſwns poſi- 


tion: to finde the hour from noon. 


Caſe 10 Two angles, and a fide oppoſite 18 one 0 
_ thews given': t0- finde the. ſide PLoakas them. 4 


Let there be given in the ſecond oblique friangle, 


| The ſuns height' abeve the horizon complement, A.D 32 deg. 29/ 
The ſuns azimnth fromthe Mergd. the acute angle A 72 24 
The ho. from noon 3 bu. 45/-44%, which in deg. is E- _— 3s 
And. let. thexe be required: the poles elevation comp. 4 E. 


| Firſt, for the arch £43. 
The fun: height, complement, AD 32 deg. 28/ t AD. 10,1963704 


\ The ſans: aximmth,” - A-7% 24 & A 9:4805385 
The wh firſt fond,  AB25z | 25 © AB 9;6769089 
Secondly, for Z 3. 
d: Co: ifs. \ 
As. ratig. comph, the Suns azimuch;, re A, Sana Actoy4d8541 2 
toang,comp). the hour. z | hy IR ;  9,82.1880z 
$ the ſine of firſt arch found, | 6226576 
ro the ſineol the ſecond arch found, Fo | 99931798 


The 


8g Trigonometrie. 


The ſumme or remainer of the firſt and ſecond arch Found, 
(AZ and EB) is the'lide pt IRen AE. 


But here from EB 63. des. 537 

ſubſtratiing AB 25 25 

The remaineris AE 38 '28 

Which is the complement of the poles height require, 
X $nd- 30+ 2, 


By imitation of theſe examples, there may five other queſtions in rhe 
oblique triangle, and ſo of any other be reſolued: es 


2 If «n the firſt oblique triangle there were given, 
T he poles elevation, the hour from noon, and the ng] of _ ſuns po- 
fitiop: "40  finde the ſuns declination. 


2 "If inthe third triangle there were given, 


The Gs declination , the angle of poſition, and the azimuth: 20 
finde the ſuns height above the horizon. 


4 *'If in the fourth triangle ther? were given, © 


The Phe, altitude; the angle of poſition, and the hour frm uoon : to 
finde the ſuns declination. 


5 If there were given in the fifth trian vale, 


T he ſun uns declination, the hour. from noon, an ' the ſuns _ 
to finde the poles elevation. | | 


6 If there were given inthe þ wh trian "Y | 
The poles elevation, the ſuns azimmth, and t angle of poſition : : is 
finds the ſons altitude above _ borizen 
And- tvs i it is evident how in this abque" mine, and Jo'i in 
any other, there may be framed 54 queſtions of the Sphear ; there 
are alſo ſix more which we ſhall touch hereafter: but theſe 54 are 
reduced as we have ſhewed to ten Caſes, -and thoſe ten Caſes to 
two ConſeRaries, which two ConſeRaries are reduced from the 
firſt fundamentall axiomie z ſo thart-the reſolurion of all the Ca- 
fes and: queſtions hitherto handled, wiather in right or oblique 
angled. .Iphericall triangles;: depend upon. tone axigme; and 
may be thereunto reduced. There remains (as is faid) fix other 


> TE —— ——— 
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queſtions in this oblique triangle, (and the like in any other) 
which are reduced to two caſes, namely when three ſides are gi” 
ven, to finde an angle; or three angles given to finde a fide- 
And theſe alſo might well be reſolved by the grounds before laid, 
without adding any more, but becauſe the wayes deviſed by the 
Lo Nepair are more apt for this purpoſe, we will make uſe of 
them. 


Pj OY 
I *, 
my . 


A F || ; D 

And as we have ſhewed the reſolution of the $ caſes laſt be. 
Soing fore, by help of a perpendicular ; the ſame might have been 
done by drawing in ſtead of the perpendicular, a quadrantall fide : 
ſo reducing the triangle given to two quadrantall triangles. But 
this we muſt now leave to your practiſe. 


- 
v ate SPONLAS. 41 gmemr wo mord nn EW od «a = 
y - 2* : —_ 


"CHAP TL 


Of the ſecond Fundamentall Axicme, and of the Ca- | 
ſes thereon depending : with two other Axiomes | 
to the ſame purpoſe. 


2 Fundamentall A xiome. 


F a ſpherical triangle, if halfe the difference of the ſides 

containing an angle, be added to halfe the ſide oppoſite to 

that angle, and -likewiſe ſubſtrated from the ſame, and the | 

ſumme and remainer noted : | 
1 WT | T hers 4 
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Then «s the reftangle of the fines of the camtaining ftder,, us ts the 
ſquare of Radius : | ES 

So & the rettangle of the fines of the foveſaid ſumme and renuainer, 
to the ſquare of the fine of halfe the contained angle. - 


fs in the triangle eLD E. | 

Lit D be the contained angle, and let A B be the difference of the 
containing fides AD and E 3) (for DB #& equall o ED) and tet 
AE, thars, A'S, bethe ſide oppoſite te the angle at D. Then making 
SK cquall to A B, dr.w to the ſnbtendents AK and BS: and dr- 
widing the arch AK or BS equally in R, draw from the center the 
line HR. Then drawing QN parallel tt HP, and BL and GO 
to AH, &%5. | | 

GQ #< the werſed ſine of the angle ADE, as alſo of the arch 
G X. Therefore the arch G XN, « the meaſure of the angle ADE: 
Brut QX is the right ſine of the arch G X, therefore Q X # alſo the 
right ſine of the angle ADE. 

end ſeeing AS #5 equall tu the oppoſite fide AF, and SK to AB, 

the difference of the containing ſides, therefore the whole arch AK, 1s 
equall to A E-and A B, therefore the halfe thereof AR, is the ſumme 
ef the halves of A E and A B, that ts, of halfe the oppoſite fide, and 
of halfe the difference of the e-mtaining fides ; the fine whereof s AW. 
And rf the difference AB, be taken from the fide A E, that s from 
AS, the remainer ts BS, the halfe whereof 8 BR: ſo that-if the 
kulfe of A B be ſubſtrafted from the halfe of AE ar AS, the remainer- 
i BR. And ſeeing GN #4; equall to A D, GO the ſine of GN, 
55 alſo the fine of A D, and B C 1s the fine of D.E or DB. So that 
BC and GO are the ſines of the containing fids AD) and ED, 
and AW and BR, arethe ſines of the foreſaid [umme and rewainer, and. 
GY the ſjneof halfe the angle at D. I ſay then that 

es the reftangle of the fines of the containing ſides AD and E D, 
is to the ſquare of Raains : 

Se is the reftangle of the fines of the ſum and remain: AR and BR, 
ro the ſquare of the ſine of halfe the angle ADE, namely, 
to the ſquare of tle for of halfe the arch GX. | 

| T bat ts, | 


As the rectangle of GO and BC, is tothe ſquare of G B; 
fo i the reftangle of AW andBR, tothe ſquareof GY. 
| . Demonft. 
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Demonſt. For a+: GH, the [emidiameter of a great circle, is in 
proportion to B C the ſemidiameter of a leſſer: ſo is QH the ſine of 
A certain arch ju the greater, to E C the ſine of the like arch in the 
leſſe: and ſo s GQ the werſed fine in the one, to B E the verſed 
fone in the other. Which is more Iargely demonſtrated by Pitiſcus, lib. 5. 
and by others. ; 


- 


os df 
.*_\ 


EO 


Therefore as GH #« in proportion to BC, ſous GQ to BE. 
 eAnd as GH is in proportion to GO, ſo « BE to BL. For 
the triangles GOH and BLE are equiangle. Therefore as the 
/ ware of, .G H, «to the reangleof BC in GO: ſo 35 the reftanzlte of 
G9 % BE, to the reftangle of B L _—_ * | 

2 ul 


_ 


Mn try 
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eAnd dividing the two laft rettangles by B E, then as the ſquare 
of GH, «ww BCin GO: ſors GQ BL  --:.. 
Or the Converſe, namely, © 
As BCin GO, isto the ſquareef GH: ſo is BL GQ. 
Again, ſeeing that AK 3s parallel to BS, ani BL to AH: 
therefore the angle S BL, is equall ro the angle HAW: therefore 
the right angled triangles SB L, and HA W, are equiangle. Like- 
wiſe .ſecinz the right angled triangles . XY GH, and Q GX, havethe 
angle  G H commin to them both, therefore they are alſs equiangle. 


- Therefore xs A W is in proportion to AH Radiua: ſo is BL to 


BS. And as GY 3s in proportion to GH Radius: ſous GQ to GX. 
T herefore the rettangle of AW in BS, is equall te that of BL in 
Radins. Allo the reftaugleof GY in GX, is equall tothat of GQ_ 
in Radius. Therefore as the rettangle of AW in BS, isto the reftangle 
of GY in GX, ſo isthe reftangle of BL in Radius, to the refangle 
of .G Q_ #3» Radius. 
And dividing the two laſt reftangles by Radius, then as AW in 
BS, is o GY in GX: fois BL oo GQ., 
But as BL is in proportion to GQ.: /o (as before is pro- 
ved) is BC in G O, ts the ſquareof GH; that 15, to the 
ſquare of Radius: Therefore | 
As BC in G O, is tothe ſquare of Rading : 
fois AW in BS, o GY in GX. | 
But'as AW in BS, s5t0o GY in GX: oi AW 673 the halfe 
of BS) (that is BR) to GY in the halfe of GN, (that is GY) 
therefore as the reftangleof BC in G O, 5s to the ſquare of GH: 
fo is the retangle of AW in BR, tothe [quareof GY. 
which Was to be proved. 
Now to apply this Propoſition to artificiall ſines, 
Seeing (by the ninth Prop. Chap. 2 of plain criangles) the Lo- 
arithme of a reRangle is equall to the Logarithmes of the 
ides thereof: and (by the corollary of the ſame) the Loga- 
rithme of a ſquare is equall to the Logarithme of his ſide dou- 
bled : therefore (by the third Prop. of the ſame Chapter.) If un- 
to the artificiall ſines of the forefaid ſumme and remainer, be 


* added twice Radius; and from that totall be ſubſtra&ed the ſines 


of the containing ſides : halfe the remainer is the ſine of halfe 


. the contained angle required. Or, (by the 4 Prop. Of that 


Chapter,) 
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Chapter,) If in ſtead of ſubſtratjng the ſines of the con- 
caining ſides, we adde their ſeverat| Complements arithmeticall, 
the totall is more then the remainer would have been by twice Ra- 
dius. Therefore, leaving out twice Radius : if to the ſeverall com- 
plements arithmeticall of the ſines of the containing ſides, be added 
the ſines of the foreſaid ſumme and remainer, halfe that totall is 
the ſine of halfe.the contained angle required. , 

T his ground thus laid, we come tathe two Caſesthereon depending. 


— X 


"4 


Cafe 11. The three ſides of 4 ſpherical triangle : 


| beige given : t- finde an angle. "=P 
| Take halfe the difference of the ſides containing the angle re- 
quired,and adde it to halfe the fide oppoſite to that angle ; and like- 


wiſe ſubſtra& it from the ſame, noting the ſumme and _— 
| ] * 


f 
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They to the complements avithmeticall of the artificial ſines of the 
containing ſides, adde the artificiall fines of the fereſaid ſumme and 
remainer, and the halſe of that totall 1s the artificiall fine of balfe the 


anzle required. 


This being. before proved, we proceed to examples. 


Let there be eg D 38 Fob And let there be required 


the three ſides of theQED 95 oo the angle at D. 


triangle ADE,namelyC AE 76 co 
Differ of AD azd ED, 56d. 32! SJAD 38-28. s Co. ar. 0,2061683 


Halfe difference, 28 16 FED 95-00, 5 Co. ar. 0,c0016558 
Halfe of AE, 338 00 >/um 66-16, 5. 9,9616244 
The ſumme 15, | - 0 + 2 C9-44, 5+ 9,228048 1 
The remainer, ©9 44 19, 3974966 


halfe D 29-59. 5- 9,6987483 
Which doubted is 59 deg. 58/, the angle at D required. 


Nate. We have formerly noted A 


that the fine of an arch above 9o 
deg. isthe ſame with the ſine of an of | 
arch as much beneath 9o deg. asin / WEE I II 


this example the ſine of 95 deg. is - 


the ſame with the fine of 85. des. F | BY 


r Example in Application. 
Let there be given in this triangle, 
The Poles Elevation, compl. AD, 51d. 32/52 2AD, 38d. 28/ 
The Smns declination, compl: ED, 15 10< 8 >ED, 74 5O 
The Smns height, compl AE, 22 28 AE, 597 32 


£2 
[2] 


the anglt required, | 
The halfe of that Trence cs -y ws | Bd 
The halfe of the oppoſite fide AE, is  ® . 28. 46 
The {umme of the batfe ference and of the halfe frat is 


FOR Cubs _—_ : ” 
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Which thus ordered, we reſolve the Probleme thus. 
T he Poles Elevation, compl. A D, 38d. 28/. 5s. co. ar. 0,206168 3 
7 he Suns declinat. compl. ED, 74 50 «5. co. ar. ©,0153967 


| The aforeſaid ſumme, | x 9,86 37737 
T he aforeſaid remainer, i 24 9,2640 274 


Summe 19,3493661 
28 deg. 13%. The halfe 9,6746830 
The arch anſwering to this fine 9,6746830, is 28deg.-1;/, 
p- which doubled is «£6 deg. 26/, the angle at D required. 
: Which converted into time is 2 ho. 457-44”, the hour from 
I noon, namely, 14-16”, after 8 of the clock inthe morning, or 
45/44”, after 3 of the clock in the afternoon. 


2 Example, Let there be given, 
T he Poles Elevation. compl. AD, 514. ror CE D 38d. 28” 


T he Suns declination, compl. E D, 15 10Q4SFED 74 5o 


The Suns beight, compl. AE, 32 28CRMAE 57 32 
And let there be required the Suns azimuth from the north 4. 


The aifference of the (ides containing the 'angle re-F ; Lined 
—_ namely, the pon. AD _ ans - 10 0g-04 

. The halfe of that difference, is cg 52 
The hal{e of the oppofite fide E D, ts 37 25 

The [umme of the halfe difference, and of the halfe fide, is 36 57 

T he remainer of the halfe differ. taken from the halfe ſide, is 27 53 

Which thus ordered, we reſolve the Probleme thus. 

T he Poles Elevation, compl. AD, 38d 28/. s. car. 0,:061683 

The ſuns altitude, compl. AE, 57 32- $: Co.ar. ©0,0738100 

The aforeſaid ſumme, 46 57-5. 9,8637737 

The aforeſaid remainer, 27 53-6 9,5696420 


Summe _ 19,$136940 

. 53 deg. 489 The halfe 9g,9c68470 

The arch anſwering to this ſine 9,9068470 is 53 deg. 4, 

which doubled is 107 deg. 36/, the angle at 4, which is. the 
Suns azimuth from the north part of the Meridian, 

Note. e4»d after the forme of either of theſe examples, we may by. 

the ſame things given, finds the angle of the ſuns poſition. EE, 

3 M5; 
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3 es if there were given, The Poles elevdtion, the Suns 
declination, and the Suns height : to finde the angle of the Suns 
poſetion. 

This eleventh Propoſition is often uſed by ſea-men, eſpe- 
cially the ſecond example, for finding the azimuth, . whereby 
the variation of the compaſſe may be known at ſea, after this 
manner. 

About the middle of the forenoon or afternoon, the height of 
the Sun above the Horizon is to be taken by. ſome inſtrument for 
that purpoſe, which being noted down, you are at the ſame in- 
ſtant (ſo near as may be) to ſet the Sun with your compaſſe (fitted: 
for that purpoſe,the outward circumference of the fly or card divided 
into degrees,and the needle placed under the north and ſouth points 
of thecard) and note down likewiſe upon what degree of the com- 
paſſe (reckoning from the north) you found the Sun. Then 
knowing by your former obſervations, and reckoning your 
latitude, and by your tables for that purpoſe the Suns decli- 
nation, there is given the Poles elevation, the Suns declination, 
and the Suns height above the Horizon, whereby, according 
to the ſecond example laſt before going, you may finde the 
Suns true azimuth in degrees - and minutes from the north ; 
which compared with the degrees before found by the com- 
paſſe, if both agree, the compaſſe hath no variation ; if there 
be any difference, that difference 1s-the variation. Which vari- 
ation, whether it be eaſterly or weſterly, may be known by the 
rule before given upon the twelfch Caſe of the third Chapter 
of right angied triangles. 

As in the ſecond example laſt before going Admit that at 
the ſame inſtant when I obſerved the height of the Sun in the 
morning to be 32 deg. 2%, I ſer the Sun by my compaſſe, and 
found it to be from the eaſt point towards the ſouth 12 degrees, 
that is, from the north 102 degrees. But the Suns true azimuth 
from the north found by calculation, is 107 deg. 36/, the diffe- 


rence between theſe two, is 5 deg. 26”, which is the variation of 
the compaſle. F 1-f 2 1h | 


But to know whether'this variation 'be eaſterly or weſterly, 1 
conſider that by the Suns.true azimuth found by calcularion,the Sun 
= ſhould 
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ſhould have been from the north 107 deg. 36/, that 1s from the eaſt 
point of the compaſle to the ſouth- --. | 
wards 17 deg. 36/. Whereas ſetting it . 


with my compaſle, it was from the 
eaſt to the ſouthwards but 12 degrees. 

So that the degree whereon the Sun - | 

ſhouldhave been was more toward the / Ro 


right hand than thedegree whereon it - | 
was : ' therefore I affirm the variation nN 
to be eaſterly 5 degrees 36 minutes. | 

By the ſame Prob.may the variation of a needle be foundonthe land. 


Cale 12. The three angles of a ſpherical tri- 
angle given : 10 finde a fide. 

Thisis performed by the laſt Axiome, the angles being con- 
verted into ſides, and the ſides into angles, (as we have ſhewed 
Chap. 1. of ſphericall triangles) raking in ſtead of the greateſt 
angle his complement to 180 degrees. 

Wherefore having taken- in ſtead of the greateſt angle his 
complement to 180 degrees, and all things elſe remaining as before. 

Take halfe the difference of the angles that are adjacent to 
the ſide required, and adde ir to halfe the angle oppoſite to 
that ſide ; and likewiſe ſubſtra& it from the ſame, noting the 
ſumme and remainer. 

Then to the complements arithmeticall of the artificiall fines of the 
adjacent angles, adae the artificiall fines of the foreſaid ſum and remainer, 
and the half of that totall is the artificial ſine of balf the fide required. 

The like reaſon ſerves for this, as for the laſt Caſe before go- 
ing. We come therefore to examples. | | 
Let there be given theCA 1c9 d. 36/thatis53 d.24/ And let there 
three angles of the rig 56 :6>bde required. 
angle ADE, namely, CE 37 55Jthe ſide ED. 
Differ.of E and D #5, 18 d.3z1') D 56-26. 5.Co. ar. 0,0792293 


T he halfe difference, c9 1554 E 27-55. 5 Co-ar ©,2114677 


The balfe of A,is 56 12 \ ſum. 45-27% 5. 9.8529314 

Ln: -(( 70m. 26-565. 5. 9,6561780 
The ſumme , * 6: 237 — 
Fhe remainer, 36 46; F- ©: ſunme 19,7998054 


52-35- halfe _ 98995027 
"i | " Which 
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Which doubled is 105 deg: ro/, the complement whereof 
to 180 dep. is 74 deg. 5o/, which is the ſide required, 
E D. | 
1 Example in Application, 
Let there be given, 

The ſuns azimuth, A 107 deg 36/, or 72 deg- 24 A. 
The hour from noon D, in degrees 56 26 D. 
The angle of poſition, E $7 - 38. B- 

And let there be required the Suns height being the comple- - 

mentof AE. | | 
T he difference of the adjacent angles AandE, is 34d. 29/ 
The halfe of that difference, is | T7 144 
The halfe of the angle D, oppoſite to the ſide required, ts 28 13 
The ſumme of the halfe difference and balfe angle, 45 27; 
T he remainer of the halfe diff. taken from the halfe angle, is 10 5Bx 

Then for the reſolution of this Probleme. 


7 he Suns azimuth. A 72 deg. 24/ 5s. Compl. ar. 0,0203202 
The' angle of poſition B 37 55 s Compl ar. 0,2114677 


The foreſaid ſumme 45 275 9,8529314 
The foreſaid remainer 10 5L.5 5. 9,2796227 
ſumme 19,3643420 


| = 28 46 halfe | 9,6824210 

.. Which doubled is- 57 deg. 32/, the fide AE, the com- 

- plement whereof 32 deg. 28/, is the height of the Sun 
required. 

And after the forme of this example the ſame things being gi 


= yen: namely, The Suns azimuth, rhe hour from noon, and 


angle of the Suns poſition being given: we may finde 2 The 
Suns declination(as in the former example)3 Or the Poles elevation. 
Note. eAlthough in the converſion of angles into ſides you may al- 
waJes ( as is aforeſaid) take inſtead of the greateſt angle, his comple- 
went to 180 degrees, yet you are not" ſo to do of neceſſity, for you may 
8ake the complement of one of the leſſer angles, to 180 degrees. As 


Let theie » _ the 3 A , : 1c7d, 36 % And kr there be 
three angles of the tr;- 56 deg. 26%, of 123 34 Ci ired{28 before 
angle AD E, Namely, CE 4 037 55 the fol ED. ? 


mow 


Differ: 
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Differ. of E and D, is $5 deg. 39%Y D,56-26. 3.Codr. 0,0792283 
T he halfe difference 42 49if{ E,371-55. 5. Coar. 0,4114577 
The halſeof A, w 53 48 ſum. 83-2215. 9,9971562. 


The ſumme, 96 375 rem.1 C-5 8; Fo 9, 796257 
The remainer, 10 582 | —_— 


BE 9,7$27374 
Which doubled is 74-50, the fide ED required. 


He hath another way very litte inferiour to the former, for the 
ſolution of the two laſt Caſes, which Mr. Gunter makes uſe of, 
Asif Three ſides be given to finde an angle. 

Adde the three ſides together, noting halfe that fumme, and 
from that halfe, ſubſtra& the ſide oppoſite to the angle required, 
and note the remainer, Then 

es the rettangle of the fines of the containing ſides. 

3s tothe ſquare of Radings : 

fo u the reflangle of the fines of the foreſaid ſumme and remainer, to 
the ſquare of a ſine; whoſe arches complement donbled is the ang te ſought. 

By containing ſides, we mean the fides containing the angle 
required. | 
Therefore working by artificial! fines, 

Addeto the complements arithmeticall of the ſines of the con- 
taining ſides, the ſines of the forefaid fumme and remainer, halfe 
that totall is the ſine of an arch, whoſe complement doubled, is 
the angle ſought. | | 

. Let theexample be here as before; namely, 
AE 57 d 32/.And let there be required the angle at D. 


 Tetthere beJ rn 18 28 +. Complarith. 0,2061633 
m—— ED-74 50. s. Compl. arith. 0,0153967 
250' Fo Es ; 

The halfe ſumme 85 25 5- . 9,9986cg0 
T be remainer 37-:. 53 6 1 9,6699420 
EE. | hl 9,8g0116* 

T he complennt. of this ſine arch zs 28 arg. 13)... g9,9450580 
which doubled: is it 56 .26 * the angle rD 
N (required. 


O 2 If 
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If the three angles be given to finde a ſide, you may convert 
the angles into ſides, &c. as before is ſhewed. TH 

Alchough either of theſe two laſt Axiomes are very ſufficient 
for the ſolution of the two laſt Caſes of an oblique ſphericall tri- 
angle arithmetically ; yet neither of them can (o aptly be applied 
inſtrumentally. We will therefore here ſet down the third Axiome, 
which he hath to the ſame purpole. | 


D 


The three ſides of a triangle being given, and an axgle required, let 
fall aperpe + dicular oppeſur torhat angle, the fide whereon that perpendicu- 
lar falls we call, for diſtia&tionſake, the baſe, and the other two the ſides : 
thus in every of theſe triangles A E is the baſe, AD and ED the 
foaes, D B the perpendicular, B being placed at the right angle, aud 
BI alwayes made equall to BE: Thus in every of them AE being 
the true baſe, AI tis thealternate baſe, whoſe end 1 1s as far from the 
perpendicular B one way, as the end of the true baſe E, is from the 
perpendicular the other way. Which things thus conceived. I ſay, 
eAs the tangent of the rrue ſemibaſe given, 
i to the tangent of halfe the ſumme of the ſides «. 
So is the tar gent of halfe the difference of the fides, 
to the tangent of the alternate ſemibaſe. X 
| T hat ts, | 
e's the tangent of the halfe of AE, EI 
#5 to the tangent of halfe the ſumme of A D andE D, + 
$0 is the tangent of halfe the difference of AD and E D, 
to the tangent of the halfe of AI. | 
T be demunſtration whereof you may ſee in bis ſecond book of triangles. 
': Therefore adding the halfe of the true baſe A F, tothe halfeof the 
alternate baſe Al; the ſumme is AB, the baſe of the right angled 
triangle ABD: alſo the difference of the halves of AE and Al, 
& EB, webaſedf the wher right anghed triangle BBD: - = 
| | A. 
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And thus in either of the right angled triangles ABD axd EBD, 
we bave the baſe and hypathe:.uſall, whereby at one other operation either of 
the angles oppoſite to the perpendicular. namely, the angle at A,orthat at E, 
may be found, by the 12 Caſe of right angled triangles. Therefore, 
| The three ſides heing given, we may finde an angle. 

As for example, inthe firſt of theſe triangles, let there be requi- 
red the angle at A, the three ſides being given, namely, 


AE 74d. 50%. thehalfeof AE 37d. 25/. 3 IC,1163279 


| —— 


: AD 57 32. thehalfeef AD :8 46 
ED ;8 28 rhehalfeefED 19 14 


: The ſumme of halfe the (ides 48 CO he: 10,0455626 
T he difference of halſe the fides o©9g 32 fo 9,2251560 
The halfe of A1 I}. 42 $. 99,3$70465 
to which adding hetfeof AE 39. 29: ET] 
T-heſamme i AB $3: ov 

Secondly, 


' AB 51 deg. c79. thetangentef AB 10,0934397 + 
AD 57 32 hang compl of AD 9,%036296 


Ao 28Þ£ 55. make ſine.comp. A 9,8970693 
And this we have found the angle at 4 to be 37 dep. 55/; 
and in like manner we might have found any of the; other angles. 
Nete. For the reſolution: of queſtions of this'nature- inſtru-- 
mentally ; Mr. G«zter (an ingenious man in contriving and ap- 
plying of. 'nſtruments). makes uſe of the right and verſed fines, 


and fo reſolves them at two operations, and ſometimes he uſerh 
the. right ſines, onely, but then be. hath three operations. Not- 
withſtanding - they may alfo be performed at two operations 
without verſed: fines, uſing: onely the tangents as we have here 
ſhewed. EF 

Now, as we have before for right angled triangles, fo we will 
here for oblique, repreſent in a Table the operations uſed. in 
every Caſe, by the' view of which Table you may þe. directed in 
the reſolttion of any oblique ſphericall triangle, 
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This laſt Table might be propoſed in other terms; as the firſt 
Cafe we might expreſle thus, Co. ar. s E + 5 AD + 5s 4, makes 
E D, cutting off unite or 1 in the firft place toward the left hand, 
which thing being before ſufficiently explained, we ſhall not here 
need to infiſt thereon. . 


Here I intended to conclude this Work : but becauſe the demon- 
ſtration of the firſt fundamentall. Axiome' for: ſphericall triangles, 
as it is delivered by the Lord of _ 7exchiſfon- is very briefe, and by 
him applied to another kind of Logarithmes, ſo that it may ſeem | 
obſcure, 1 have thought. good here (thqugh ſomething out of | 
place) to illuſtrate the ſame, fir prediifiog certain Lemma's 
ſerving to that purpoſe. ' + 3-4 {2m 1 


it f ! 


; x4. +3) A\\ 
L z Mara Ic: 


In a right angled ſpherical triangle, - .. 
As. the ſine of the baſe, is in proporezon to radius : ſo 
is the tangent of the perpendiewtar,.0 the tangent of 
the angle at the boſe oo 


As in this Diagram, 

LeteLDB repreſent 
a ſphericall triangle , 
- right angledat B; ſo 
that AD is the ſine of 
the hypothenuſall, 4 B 
the ſine of the baſe,and 
DB is the perpendicu- 
lar. 

Then wy 0 = 
angle at the baſe, an 
IT Htheſine, and L 1 
the tangent thereof. Al- 
ſaD F is the fine, and 
XK 3B the tangent of the. 
perpendicular D 3B. 


OR 


- Tfay then, - - 
As AB the ſine of the baſe, 
5s in proportion to. A.M Radous 6. 
ſo BK the tangent of the perpendicular, 
10ML the tangent of the angle at the baſe. 


RNTET BH : $11 Lemma 2. 
if a right gl ſpherical irianele, En | 
yl bs Pais e ſine of the hypothenuſall, « in proportion to Ra- 


_ dim": ſois the fine a7 the perpendicular, to the ſine of 
« the 6Es at the baſe. 


 Thatis, inthe fore-going figure figure, 
eAs AD the fine of the bypathenuſall, 
pt 517 ny to A CO 
0 6s the fone of t ular, 
to IH the ſuf Aged hacks baſe. Z 
Theſe 'two' Lemwmds might be demonſtrated in this Diagram, bur 
becauſe the:ſamein: effeR are at large demonſtrated by Lancber- 
Fins, Pitiſcns, Sxellins, and others, We lerthar- paſſe: 


LzeMMA 3. 
The circular parts of a right angled rriangle, are the ſan ame 
with the circular parts of 4 quadrantal friangle adjoyning. 


As let ABD be a triangle right 
angled at ZB : and let one of the ſides 
thereof, namely, 4 Z, be extended till 
ir become a quadrant, that isto G, and 
draw an arch from G to D. Then is 
GA4D a quadrantall triangle, adjoyn- 

Ty the right angled triangle A B D. 
therefore that the circular parts 

of be quadrantall triangle G A D, are 

the ſame with the circular parts of the A 

right angled triangle A BD. For the p£ 

circular parts of either of them are as 

here appeareth, 


# 
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The five cir- 4 B D,are A B. DB.com.B D A, com. A D. com. 4 
cular parts of : L, | | 

the triangle. CG 4 Dare com. A G.A GD.G DeA. com. A D. com. A 

Whereit is evident, @ B and G D being quadrants, GDB is 

a right angle, and D B is the meaſure of the angle at G : ſo that 

the ſide e1Z in the one is equall to compl. AG in the other ; 

and the ſide B D inthe one, equall to the angle e4GD. in the 
other, and comp/.B D A in the one, is GD A in the other, and 

compl. eAD inthe one is the ſame with comple AD in the 0- 

ther; and laſtly, that comp/.4 in the one, is the ſame with 

compl. A in the other, for the complement of the acute angle 

DAZ unto a quadrant, is alſo the compl.of the obtuſe angle G AD. 

| E MMA &. ' 

If five circles of the ſphear be ſo ordered, that the firſt inter- 
ſeft the ſecond, the ſecond the third, the third the 
fourth, the fourth the fifth, and the fifth the firſt at 

right angles : the right angled triangles made by thar 
inter ſeitions, ao all conſiſt of the ſame circular parts, 

As in this Scheame | 

Let G repreſent the Ze- _. Jt 

nith, A the. north pole, and w——__ 

D the Sun being in the 1 # 5 | 

Horizon.So that IG Bis an {. : \ 47 N 

arch of the Meridian of = 25 1 6 3B 

the place. . | Nt X 

B D Fan arch of the Ho- 

rizon. |; 

'Þ E Can arch of the cir- 

cle deſcribed about the Sun. *" oF 

CAH, anarch of the ; £ 

Meridian of the Sun. | | 

HLT, an archof theE-| 

quinoRiall. _ 

Then dotheſe five arches | : 

retain thecoditionsrequired | | F.- 

The firſt interſeRing the ſecond-inB ; theſecond the third in-F; 

the the third the:fourth in © ;; the fourth the fifth in X';. and 

the fifth the firſt in / And theſe 'interſeQions at B,F;C,H,7, 
| P = are 


uw EIT 


Pong, 
_ 
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are at right angles ; therefore.I ſay the right angled triangles made 
by the interſe&tions of theſe circles, namely, e4BD, DAHL, LFE, 
EGf, and GC A, do all conſiſt of the fame circular parts; for the 
circular parts in every of them are, as here appeareth. 
Ike 5 _ ABD, aye AB, BD, com.BDA, com. AD com. DAB 
circular DHL, are com!HLD, com.LD, com. LDH, DH, HL 
Pte < EFF, are com. ELF, LF, FE, comFEL,com. EL 
wrian- A BiG, are 1G, com. IGE, com. GE, com. GEI,, Fl, 
gl. ©GCA,are com. GA,cow. AGC, GC, CA, com.CAG 

Where you may obſerve, that to the fide AZ in the firſt triangle, 
is equal compl. FILD in the fecond, or comp!. ELF in the third, 
or '/ G inthe fourth, or compt: 4 G inthe fifth. In like fort, to the ſide 
D B in the firſt triangle, is equall compli. LD in the ſecond, the ſide 
L F in the third, compl. 1G E in the fourth, or compl. AGC in the 
fifth : And the like is tobe ſeen inthe reſt, taken in ſuch order as 
they are placed. | | | 

To expreſſe this more plainly : AB, the Poles elevation in the firſt 

triangle, is the complement of the angle HED in the ſecond, or 
the complement of the angle ELF in the third, or the ſide 1G in 
the fourth, or the complement of the hypotheruſall G A in the 
fifth. And thelike is to be underſtood of thereft. | 

T he ſame uniformity of the circular parts & alſo apparent in quadran- 

tall triangles. | . 

Asin the _ Scheam G from D, Dfrom E, Z from A, A from 

L, and L from G, are diſtant by arches each equall to a quadrant. 
But the arches GA, AD, DL, LE, and EG, arenot quadrants. 
Here are therefore five quadrantall triangles GAD, ADL, DLE. 


LEG and EG4: whole circular parts are as here appeareth. 
The 5 _GAD, arecom AG, AGD, | GDA,com.AD.com. DAG 


cirQulai 


ay ADL, are ALD,com.LD, com. ADL,com. AD, DAL: 
.—q DLE, arecom, DLE,com.LD, EDL, 'DEL, com. LE 
angle. FLEG, aro GLE LGE,com.EG,com-LEG,'com. LE” 
EGA, are com. AG, com. EGA,com.EG; ' GEA''" GAE 

Where you may obſerve that the circular parts inevery of them 
remain the ſame unchangeable. And not onely in theſe ten Triangles 
but in all others which doe ariſe ofthe other itterſeRions of theſe 
tenarches drawnforth-to whole circles: which becauſe thiey are 
many andiconfuſed, we here let them: paſs; this being! ſafficiear for 
our purpoſe. - PHU 90015 Df. 1» 0 2YOT 2000 gi 
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1 Fundamentall Axtrouws. 
Of the five circular patts in a ſpherical Triangle, right ant led 
or quadrantall, | 
7, _ of a middle patt with Radine.is equal to tht tangents of 
the extreams adjacent, or to the fines complement of the op- 
poſute extreams, | 


W*: a middle part, and what the extreams are, whether ad- 
Y Jacent or oppolite thereto, we have before ſhewed Chap. 
2. of ſphericall triangles. | | 
 Payt. x. Now touching. 
the firſt part of this Axiom 
in right angled triangles : 
The middle part is either 
one of the ſides, or one of 
the oblique angles, or the 
hypothenufall. | 
Caſe tr. Let the middle 
part be a ſide; as in the tri- 
angle ABD,let AB be the 
middle part, and DB, and 
compl. A the extreams ad- 
jacent; then I ſay, that the 
fine of AB with Radius, is 
equall to the tangent of 
DB,with the tangent ofthe 
complemiett of DAB. - o# | 
For (by the firſt Lemma) As the ſine of e B, is in proportion ts 


Radius : ſo is the tangent of DB, tothe tangent of the angle at 4 : 


therefore alſo alternately, as ſine 4 B, totangent DB : fo Radius, 
to tangent . Hh | | 

But (by the corollary of the firſt Theoreme of the fourth Chapter 
of plain triangles) Radius is a mean proportionall between the tan- 
gent of anarch, and the tangent of the complement of the ſame 
arch ; ſothat as Radins, is to tangent 4: ſo is tang. compl. A, to 
Radius : therefore as « AB, to t DB: ſo is te eA, to Radius : there- 
fore (by the corollary of 2 Prop. Chap. 2: of plain triangles) 
s AB+Radius, is equall to*D Z-Þ tc A. Piz Caſe 2 


"wn 27 Set oo res 2 Ape 
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Caſe 2. Let the middle part be an angle, as-in the triangle DH L; 
ſet compl. H LD be the middle part, and HL and comp!. LD, the 
extreams adjacent, then I ſay, that the ſine complement of H LD, 
with Radius; is equall to the tangent of HL, with the tangent of 
the complement of LD. A 
- For (by Lemma 4) compl. HL D is equall to A B, and compl. 
LD to DB, and HL tocompl. D AB, and here before we have 
proved, that s A B+ Radius, is equall to e DB-+ec A, 
therefore alſo 5c HL D-þ Radius, is equallto es LD+rc HL. 
Caſe 3. Let the middle part be the hypothenuſall; As 
in the triangle GCA, let compl. AG be the middle part, 
and compl. AGC, and compl. CAG, the extreams ad- 
jacent ; Then alſo I ſay, 55 A G-þ Radius, is equallto zcA GC, 
+ t CAG. 
For we have before proved, that s A B + Radius, is equall to 
e DB-+rc A, but (by the 4. Lemma) compl AG is equall-to 
AB, and compl. AGC to DB, and compl. CA G to compl. 
DAB, therefore alſo 5c AG + Radius, is equall tozs AGC 
+4 CAG 
Therefore , in a fright angled triangle, the fine of a middle part 
with Radins, is equal! to the tangents of the extreams adjacent. | 
| I fay further, - that Ls 
Part 2. The ſine of a middle part *with Radins : is equall to the fines 
complement of the oppoſite extreams. 
For here alſo the middle part is either one of the ſides, or the 
hypothenuſall, or one of the oblique angles. | 
Caſe 1. Let the middle part be a ſide. As in the triangle A BD,let 
D B be the middle part, and compl. A D, and compl. A the oppo- 
ſite extreams. Then 1 ſay, that the ſine of B D with Radius, is e- 
quall to the fine of A D with the ſine of A. 
For (by Lemma 2) as s AD toRadius: ſo 5 DB tofine A, 
therefore (by corol. 3. Prop. 2. Chap. of plain triangles) s D B+ . 
Radius is equall to « A Ds A. Wy 
Caſe 2. Letthe hypothenuſall be the middle part. As in the tri- 
angle DH L, let compl. LD be the middle part, and DH and 
H L' the oppoſite extreams, then I-fay, thats c L D | Radius; is 
equalltosc DHo-oc HL | 


Fer 
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For compl. LD is equall to D B, and DH isequall to compl: 
AD; and HL tocompl. D AB, (by the 4 Lena therefore, &c- 
Caſe 3. Let one of the oblique angles be the middle part: 
As in the triangle E]G let compl. I GE be the middle part. 
Then I fay, thatscI GE + Radivs, is equallto 5 GE I+ 5c 
E 1. For compl. IGE is equall. to. DB, and GEI is equall to 
AD, and EI tocompl. DAB. ; 
Therefore ina right angled triangle, The ſine of a midale part with 
Radings, us equall tothe ſines complement of the oppoſite extreams. 

And ſeeing (by the third Lemma) the circular parts of a right 
angled triangle,are the ſamewith the circular parts of the quadrantall 
triangle adjoyning ; therefore, that which is here proved touching 
_ right angled triangles is alſo true of quadrantals. - 7 herefore in a /phe- 
ricall triangle,right angledor quadrantall,&c.Which was to be proved. 

The ſame might alſo have been demonſtrated , 
' inthis Diagram without the fourth Lemma be- Tc 
fore going, but becauſe that fourth Lemmi. is - 
of ſingular invention, and of it ſelfe worthy to 
be known, I have choſen rather to follow here- 
in the invention.of the noble Authour and In= _ 
ventour of this Prop.and of that third andfourth 
Lemma than otherwiſe. _ | | | 
' And thus have we ſhewed the reſolution of © 
plain and ſpherical Triangles by this late invention of Logarichmes, 
not excluding the wayes formerly uſed by naturall fines, tangents, 
and ſecants ; but delivering the rulesin ſuch ſort, as they may- be 
applied: to either. What hath been largely handled by others, 1 
| have lightly paſled over ; other things 1 have more inſiſted upon: 
In all 1 have endeavoured ſo much brevity as mighr ſtand with 
perſpicuity. Now touching the application hereof, 1 doubt. not: 
but he that. is-exerciſed in che Mathematicks will be: able: to apply 
_ it divers wayes, eſpecially to thoſe parts wherein: he is converſant:; 
yet for their help that are but newly entred,I hope todo ſomething 
in that kind hereafter,as it ſhall pleaſe God'to give opportunity.. To; 
whom alone is due all glory in all. things. 


FINIS. 


An. 


NEB ac IG Src orc «ot rnck nd ec as OG A 6-t 


110  Trigonomtirie.. 


SEPPEDPDEDPPED PEPPEDODS 
An APPENDIX. 


Touching the Application of the Doftrineof Triangles in the 
three principal kjntls of fayling. - | 


X Y intent was here to have annexed a Treatiſe of Navpation, 
and eſpecially of ſuch points therein as have reference to 
the Doitrine of plain and ſpherical T riangles.Being the rather thereun- 


to induced, becauſe:L had'my firſt breeding in Mathematicall Studies 
and pradtifes at Sea : whereby I ſtand the more indebted as to that 
excellent Arr, foto the worthy Profeſſours and Pradtiſers there- 
of. But wanting time for the accompliſhing of. that according to 


my deſire, by reaſon of thy neceſſary abſehce and imployment far 


from home all this Summer, I have here, in ſtead thereof, ſhewed 


the reſolution of certain Problems, touching the three principall 


kinds of ſayling. 


Queſtions of ſayling by the plain or ordinary Sea-Chart, 


Although the ground of the projection of the ordinary Sea- 
Chart being falſe, (as ſuppoſing the Earth and Sea to be a plain 
fuperficies) andfo the conctuſflonsrthence derived meſt alfo for the 
moſt part be erroneous: yet becauſe it is moſt eafie, and much 
uſed, and the errours in fmall diſtances not ſo evident, we will 
not wholly negle&it © 

'Queft. x: Sajling T66 leapres #hon the [ixth Rumbe : how much 
2 ae” 5/7 T alter ae or vide ; | 


Note. Thie angle chat any point of the compaſſe makes with the 
Meridian, we call rhe Rumbe: bur the arigle that it makes with any 
parallel, we-callthecomptement of the Rumbe. © - 

And foraſcch as to every poitie of the compaſle there anſivers 
x1 deg. x5”, therefore tlie fixch Rumbe fromthe Meridian, (name- 
ly, exe, ese,w5w,or wnw)tnakesariangle therewith of 67 degs.3o?, 
whole complement 22 deg, 3o/, is the angle of the ſame Rumbe with 
every parallel.  - | 


Now 


Now' admit I faile from DP to A, ene | | 


1co0 leagues;'] demand the difference of . | n 

latitude D B. 

: By the third (aſe of plain Triangles. © | —_— 
As Radius, . A B 
to the diſtance run : eAD Noo lagues 2,000c0 


ſo ſine compl.the Rumbe, sef 22 deg. 3 09,58284 
to the difference of latitude, D B 382 leagues I,538284 


© 


In like manner you may finde the difference of fatitnde for 
any diſtance run upon any other point of the compaſſe.: ' 


2 Sayling 1CcO leagues mpon the ſoxth Rumbo : how far am 1 de 
— paried from thee Meridianof the place fromwhich 1came? © 
That is, By the fame things given, as before I'demand 4 3. 


By the third Cafe of plats Tia as 


As Radius, 


to the diſtance run; . AD 1oo leagues, 2,000c6: 
| foisthe ſine of cfie Rumbe, SD 67 deg. 20 9,965632. 


to the departute from the Merid. eB 922leagues, 1,96562 


3 Sajling upon the ſixth Rumbe, till I altex my latitude ane depree,, 
7 unind hav fob I have ſayled? o we by 

As fayling from Þ to A, e ze, till. the diffexence'' of! latitude: 

D.Z be20 leagues; Idemand the diſtance run ef A.-;1 1) +1. 1 4 1 

E Say. by. the ſerond Caſe plain Triangles. | 

| As, fine compl the Rumbe;, 54 22 dep. 30/ eo. as, 0,41716; 

. tothedifference of latitude;;D B20 leagues © 1,30103 

' ſois Radius, ne 

to the diſtance run,. A D 52535 leagues ©  1,71819) 


_ "The like queſtion might be moved by the departure from: 
the Meridian given. © © | | 


4 Sayling. | 


Trigonometrie. 


4 Sayling #pou the ſixth Rumbe, till Thave altered my latitude one 
degree how much am 1 departed from my firſk Meridian ? 


As ſayling from D to A, exe, till the dif- 
ference of latitude D B be 20 leagues ; 1 de- 
mand A B, my departure from the Meridian. 


By the firſt C' ſe of plain Triangles A 


As Radins, | | 
_ to the difference of latitude; DZB 20 leagues, T1,30103 
ſois the tangent of the Rumbe. t D 67 deg. 397, 10,38278 
- to the departure from the Merid. A B 48:2.  1,68381. 
In like manner by the departure from the Meridian given, 
-- + you might finde the. difference of latitude. '. 


5 Sayling upon ſome Rumbe, between the north and caſt 52: leagues; 
and finding that I have altered my latitude one degree : 1 demand 
«pon what point T have ſayled ? 
 Asif Ifaile from D to A, (being ſome Rumbe between the Eaſt 
and North) -525 leagues, and then fihde the difference of latitude 
DB, to be 20 leagues ; I demand the angle ADB. 
| Say by the ſixth Caſe, 
.As the diſtance run, - DA ;52;leag. co. ar. $,28191 
ww Mbkeas ED 
{>is the difference of latitude, DB 20 leagues  1,40107 
to ſine compl: the Rumbe, '. © +4 22 deg. 3c/ 9,58294 
Whoſe complement D- 67 deg. 30d, is the ſixth point from 
the Meridian, namely, e » e. Here we negle&t ſome part of 


- @ minute, (as intheſe things not to be regarded) :and fo in 
' other places. Dl: 


6 Sayjling upon ſome Dink between the north and the eaft' 525 


leagues ; and finding that 1have altered my latitude oxe degree. 
1 wonld kyrw my departure from my firft. Meridian. . 


By 


by 5.4 [ 


by the plat Sea-Chart. 


By . the ſeventh caſe. 

To thediſtance run, addethe difference of latitude, and alſo ſub. 
ſtract it from the ſame, noting the /#mme and remainer. Then adde 
together the logarithmes ofthis ſumme and remaine, and half that 
totall is the logarithme of the diſtance from the firſt meridian. 
Diſtance run D A, 525 leagues. 2Summe 722 leagues. 1,35384 
Differ. of latit. D B, 20 leagues. JRemain. 325 leagues. 1,50853 

Rain 3+36737 
Departure from the meridian e4 B, 483. leagues. *"1,68368 
The ſame may be otherwiſe found by the ſante caſe. 
And in like ſort might the difference of latitude be found, the de- 
parture from the meridian being known. ZR 
7 The diſtance of the meridians of two places , and the difference of the 
latitudes of the ſame places being given: wo finde the rumbe and diſtance. 
As let A repreſent the Lizardin the weſt part of England, and A 
B the parallel thereof, and let D repreſent St. aries 1land, being 
one of the Azores, DB the meridian thereof. 
Then is A B, the diſtance of the Lizard _ 
from the meridian of+S ©Maries, which let D 


be 272 leagues; and DB the diſtance of 

their parallels , or difference of their lati- 

tudes 256 leagues. I demand the Rumbe, [ 
F 


I13 


. namely the angleatD, and the diſtance in 
the Rumbe 4 D. : .. | © | 


Firft, for the Rumbe , ſay by the fourth caſe. 


As the difference of latitude, D B 256 leagues, com.ar. ' 7,59176 
is in proportion to Radius : | 
ſo is the diſtance of the merid. eA' B 272 leagues, © 2,43457 
to.the tangent of the Rumbe, + D 46 deg. 44/. 1 10,02632 
Which is the fourth Rumbe from the meridian, and 1 deg. 44? 
more; which ſhews the courſe from St. aries, to the Lizard, 
to be northeaſt x deg. 44/ eaſterly : or from the Lizard to St. Ma- 
ries ſouthweſt, 1 deg. 447 weſterly. And thus it ſhould be by the 


plain chart. _- +} $047 


xd 
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Secondly, for the. diftance A D'; ſay;by the ſecond Caſe. 
As the fine of the Rumbe, »s D 46 deg. 44%. co. ar-0,13776 
to the diſtance of the Meridians: A B 272 leagues, 2,42457 
ſo is Radius, cn 
- to the diſtance of the places AD 37:3 leagues, 2,57223 
| Or otherwiſe 

As ſine compl. the Rumbe, <s 4 43 d. 16. CO.Ar. C,16406 
to the. difference of latitudes: D B 256 leagues, 2,408 24 
ſo'is Radius, t CENTS 
tothe diſtance of the places, AD 3733 leagues, 2,57230 

And ſuch ſhould be the diſtance by the plain Chart. 
8 Sayling away w 5 w,1 ſee a point of land, Which 1 ſet, and finde to 
bear from me w by n; and having ſayled ſix leagues further, T 
finde it bears frommen wbyw: 1 Ay yow how farre it 1s diſtant. 


'Aslet E be a point of land, 
which whenthe ſhip is at A,I . 


| D 
| x ks I | ſer, and finde to bear from w by 

_- | "_ | - '#, but I hold on my courſe from 

£ NX AtoDwsw18 miles,andat D,I 


E fet the ſamepoint of land again, 

| and finde it to bear from me » w 
by w : I demand the diſtance thereof D E, that is, how'farre it 
was from me in my laſt obſervation. | ns, 

Firſt, I conſider, that between «4 Ethe w b»,and' A Dthew sw 
is 3 points of the compaſle, that is 33 deg: 457,which is the angle at 
A: alſo between E A, the ebys, and ED the'sebye are two 
points, that is 22 deg. 30/. EOS 7 us ! | 

Therefore, by the 8 caſe of plain triangles. 

As ſine the angleat the POLE, E:22 degr.. 30” com.ar: 0,41716 
 -istothe — _ ; AD'18 miles,  1,25527 
> len orabevuti, $A 33degr.457, 9474474 
_ to the diſtance of the point ſeen:E D 26: miles, © 1,41717 
* Whereby it appears, that the diſtance of the point ſeen, from 
the place of your laſt obſervations 26 miles, and a furlong; In like 
manner you may finde the diſtance thereof from the place of your 
firſt obſervation A. | Aamit 


wv AagyWw vv @© 


by the plain Sea-Chart, II5 


Aamit the courſe from the Lizard to St. aries bes w, the diſtance 
3733 leagnes. Acertain (hip bound from the Lizard to St. Maries 
'. fteeres aways $ w, and afterwards w b s, and ſo ſometimes uponone 
of theſe points, ſometimes upon the other, till ſhe arrives at St. Ma- 
ries, row I demand how many leagues ſhe hath ſailed upon one of 
| theſe points, and how many upon the other? 

Let A, be the Lizard, E St. aries, and ſeeing s 5 w.being from 
s w two points, makes anangle therewith of 2.2 deg. 30”, which ler 
be A; allo » by s makes with 5 w an angle of 32 deg. 45! which ler 
beE ; allo 5 5w makes with wb 5anangle of 56 deg. 15” which let 

be the complement of D to 180 degrees. | | 


© \T hevefareby the8 caſe. 

- *Astheſine of .''. -: * D, 56 dep. i 5/ comp. ar. © o,c2or5 

ro the diſtance given AE 372 + leagues | 3,4FIT04 

-"ſois the ſineof © E323 deg. 45% © ©  9,74474 

to A D 248}; leagues. 2,29602 
 Whichisthe diſtance runue upon the s 5 point. 

" Asthe ſine of | ©, 56 deg: 157. co: ay: 0,08015 
to the diſtance given AE, 373: leagues - 2,57113 
ſq is the ſine of A, 22deg: 3. - 9,58284 
to the way runne - ED. 171%; 2,23412 


Which is the diſtance run upon the w b-s point. 


10. eAc Merchant man, being'in the latitude of 4.3 degrees, fulls into the' 
' hands of Pyrats ; who amongſt other things taks away bis ſea-compoſſe-' 
But when he is gotzen clear, he ſailes away as. direttHy as he can, and 
after two days meets with a man of war; who alſo had bin the day before 
 #nthe latitude of 43 aeg.and had ſailed thence s e b s 37 leagues: Heae- 
ſirous tofinde theſe pyrats, the Merchant man tells him, heleft them Iy- 
ing to and fro where they tocke him, and hehad ſailed ſonce at leaſt 64 
leagnes, between thi ſouth ana weſt ; "what courſe ſhall the man of war 
ſoape to find? theſe pyrats ?* 0.0 3. OBESE: 
Let AE be the parallel of 43 deg: D the place where the ſhips 
meet. Then is there given- 4D-64 leagues, & D 37leagues, and the 
angle D E #ffvVF pointsor 56:deg: 14% Od 
STHACON 22:1] TO 4537 4305 ofe 2; 'Q- UG alt Therefore 
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Therefore by the 9 caſe of plain triangles. 


As the Gitaiice runne by $ 
the Merchant man, $4. D 64 leagues, © 0.47 8319382 


to fine the a_ given: 7 $6 Ge8. 15% © 9,91985 
' Sos the diſtance runne 
by the man of warre, FE 39 leagues, | b_yOTEG 
to fine an angle required. s A 28 deg. 44, '- 9,68187 
"That js ws w6 degr.14 ſoutherly, and fo Kath the Merchant 
+ man ſayled ; therefore to return to the ſame place, he muſt ſhape 
his courſe e » e 6 degrees 14 / northerly. 


11 There are two ports lying n e, and W one of RE” a ſhip ſaytes 
from the weſtermeſt of theſe ports e Se, 47 leagues, another departing 
from the eaſternmoſt port ſayls 66 leagues, and then meets with the for- 
mer.; what courſe bath this ſecond ſhip kept, and how farre are. theſe 
ports  aſunder ? 

Let the northeaſt port be A,the ſouthweſt E,and the place where- 
theſe ſhips meet at .D. And foraſmuch'as from E to A, the courſe 
is #e, and from E to D Eaſt South Faſt : therefore the angle at F is 
67 deg-30/ and the ſide Z D, 47 leagues, and A D, 66 leagues.” 

Therefore by the 9 caſe of plain triangles. FAN 
And ſeeing from eto Ny 
As eD, 66 leagues, co.ar. $,18046 the courſe is ſouthweſt, and 
to ſine E: 67 deg.3o”. 94,96 "96561 | from Ato D41-d:08/ more 
ſo ED, .47 leagues; 1,67210 © ſoutherly.:;.. therefore . the: 
to line fqt deg. 08/' \9,81817 \ courſe. from..o-L. to D.,'is 
South 3 deg-52/ weſterly. 

Secondly, for the diſtance of theſe ports: E, the angle at A,be- 
ing 41 deg. 08/, and the angle at. E 67 deg. 30” ; the fume of 
them both is x08 deg 387, which ſubſtracted from 280 ro leaves 


the angle. atD degr..22/; 
Theol the 8.af of. alejdrabenpiere, PIN. YR 


As fine E PRs degr. 20, co ar. 0,03429 3$0. ge the FY 
to.AD, 66 leagues <. . 181954. ſtance between the - 
ſo line D 71 deg: 22/7; E + 9497662. 2 "ny, ports. iS 67;7 
to A E 67,” leagues. | 183055... le NES. 2/5 nes 
. Somemay think it requiſite, thar the later part of this probleme | 
ſhou 


WF I TU pnyw 


W3 WW, 


by the plain Sea-Chart. op | 


ſhould have been a diſtin caſe in plain triangles: but becauſe the 
ſame things are here given as inthe 9 caſe; & the operation mani- 
feſt by the 3 & 9,1 thought it- not amiſſe to make another caſe of it. 
12 Coaſtivg along tiwards the evening, 1have fightof a Cape or head- 
land, beyond which 1 acfire to fteer in the next morning ; it bears from 
mes8e, and i diſtant by eſtimation 11 leagues ; but T ſteer away 
ſouth, till two of the clock 3n the morning, about 12 leagues ; and thea 
would know how the (ape bears fromme, and how farre'it ts off ? 
As admit at e, Iobſerve the: E yo 


Cape D to bear fromme 552 11 D. 
Teagues ; but1 ſNteer away ſouth, 

to E 12 [eagues. I have then AD EC 
11 leagues, eA E :2 leagues, the < "rel #FE | 


angle at 4 22 deg. 30”: E. 
= Firſt then for the anjle at E by the 10 caſe. | 
As 4 EeAD, 2; leagues, co,ar. $,63$28 
' to AE-cAD: or league, 


So t; (ED): 78deg 45%, _ 10,70134 
to tang. an angle F, 12d. 20%, - 9,33962 
Which ſubſtzaged I I, 


there remaines, FE, 66 deg. 25”. LED | 
In working this example, becauſe rhe angle given e is 22 deg. 
-0/:thereforethe other two Eand D are 157d. 30” (by the 1 Lem-- 
ma of the 3 chapter of plain triangles) the half whereof is 78 deg. 
45! whereby we fince anangle at F, 129. 20, which ſubſtracted 
from 78d-45/,there remains the angle at Z 66d. 257. Wherefore ſee- 
ing EA is a north line,&D is almoſt e ze, nanely exe 1d. 5/northerly. 
Secondly, fer the diſtance of the (ape E D by the8. caſe. 
As ſinethe angle found, S E 66d. 25/, co. ar. 0,03788 
to the diſtance in the evening ; A D 11 leagues, 1,04139 
So the ſine ofthe angle given, seA22deg.30/ .  9,58284 
to the diſtance inthe morning ED 4:5 leagues, _ > ' 066211 
That is above 4 leagues and a half diſtante.—oo 
13 Admit 1 ſail away from a certain port $8 w 50 leagues andthence a- 
gainw bs 30 leagues;wppor what point have 1 made my way good.and 
how farre am 1 come from that port ? "To 


-As admit I fail from Ato D sf w.50 leagues and from Dto E wbs 


';0 leagues, there is required the courſe eL,or E,& diſtance eLE. , 


From . 
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_ From the 5 5 wto the w þ 5, are five points,thatis 56d. 15/,which 
is the complement. of the angle at D, to x80 degr.' So thatthe angle 
atD, is t 43 4. 457. Wherefore here are given the two ſides 'A D 
and E D, and their conteined angle at D: Therefore, 
As eAD + E D 8olegues, co, ar. $,09691 
to 4D — ED 2oleagues, I,30103 
fr(ACE) 2284. oof. _ 9,72810 
to. 6. - 07d. 37" | 9,12604 
Which ſubſtrated $ FSR PURP) | 
there remains 
Wherefore ſeeing the conrſe from AtoD is s 5 w, the courſe 
from A to EZ is 20d. 31” more weſterly, thatis :w two deg. 
ſoutherly;ſo that I have made my way good's w two deg.ſoutherly. 
| Secondly, for the diſtarce upon that point .- 
As ſine the angle found, - s 4 2odeg. 21. c9.ar.0,45534 
to his oppoſite ſide given: ED 30 leagues, 1,47712 
-So ſine the angle given, -£D 56deg. 15,  9,91985 
to his oppoſite ſide required. A E 71; leagues. I,85231 
Which is the diſtance from that port. Fi 
t4 There are two Ports in one and the ſame parallel or latitude, di- 
ſtant 64 leagues,and there* is a certain Iſland more ſeutherly, diſt ant 
from the Eaftermoſt of theſe ports 47 leagues , and from the weſter- 
woſt of them 34 leagues: 1 demand the conrſe, from the Eaſtermoſt 
pert to that Iſland? | 


D. Let the Eaſtermoſt port be eL, 
- theweſtermoſt F, both in one 

uo rtf ns ; N. and the ſame parallel «LE, di- 
SE 


P p } 
5 
nn _ 


A ſtant 64 leagues ; and let the 
= Iand be DD, diſtant from 4 47 


A | 29 leagues, and from E 34 leagues, 
there is required the courſe from A tg, D,. that isthe angle at 4;or 
the eomplement thereof, L's bak bon CSIR 

By 12 caſe of plain triangles. | | 
As the diſtance of the ports A E 64, leagues. co-ar.$,19382 
to the ſummeofeLDande D: 8x leagues - 5 1a 
So is the difference of AD and E D 1 Fleagues;..:  :: -,a411394 
EE} NBR” > £  ” - HEN 1321624. 
Which addedto AEis © 80.9 TY WY i 
the halfwhereof is AB 40; | They 


I 8200 


by Mercators Chart. 
T hen by the 6 caſe of plain triangles. 


As eA D4q7 leagues; ' compl. arith. 2,32790 
to radius | 

So A B 40. 10452 
tosceAs 58 degrees 51/. 9,9224 


That is Southweſt and by Weſt 2 deg. ;36/ weſterly, which is the 
courſe from the Eaſtermoſt port to the Iland. 

15 A ſhipſayls from one port toa ſeconds s e 76 leagues, &from thence to 
a third 5.4 leagnes, 5 from that third to the firſt 85 leagues: 1 demand 
the courſe from the ſecond port to the third,&from the third,to the forſt? 
This and the like are to be wrought as the former, which there- 

fore we leave to your own practice. 

Of Sayling by Mercators Chart. 

And thus much of the plain chart, which as it hath this commo- 
dity, that itis moſt eafie: ſo it hath ſome diſcommodities intolera- 
ble. For there be very few places that can therein be expreſſed ac- 
cording to their true ſcituation and diſtance one from another. 
Which as it is a great impedimentin the praQtice of Navigation;ſo. 
it hath cauſed much confuſion inthe Geographical! & Flyerographicall 
deſcriptios of places;inſomuch as there are ſcarce extant any Sefert- 
ptions of the world, or the parts thereof that are not peſtered with. 
notorious errours : the greateſt part of them hence ariſing. It is in- 
deed ancient, and fill the Sea Compaſle was known, It was the ap- 

teſt Chart that could beuſed, beeauſe till then men were coaſters, 
and for the moſt part returned back the ſame way they went forth. 
And it may ſtill ſerve without any great errour, in ſuch places as: 
are neer the EquinoRtiall, alſo in many other places for ſhort voy- 
ages, and even for long voyages, provided that a man be ſure to- 
return the ſame way that he went, or neerthe ſame. Otherwiſe if he: 
cruſt to the plain Chart, he will be moſt groſſely deceived many 
times in his courſe a'point or two of the Compaſſs » and in his di- 
ſtance'many hundred miles.Butin this Sea-Chart called AMercators, 
all or anyparts of the world may be ſet d own, according to their 
longirudes, latitudes, courſes and diſtances, as truly and far more: 
conveniently for the Mariners uſe then upon the Globe it ſelfe. So 
that it will truely ſhew the direRion, and diſtance from place to. 
"place, which way loever a man goes or returns. | 
___ Some men will ſay, thatin divers reckonings by Mercators chart, 
they have found as little certainty as by the plain chart, Which I dg 
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ny not, but the reaſon is,becauſe there are few or no chartsmade di- 
_ re&}y according to this projeRion. It will be faid,yes, there are ma- 

ny; and chat a man may have of them whenſoever he will be ſpeak 
them. | grant a man may have thoſe which are ſo called, but that 
-which is ſuch indeed, muſt not onely have the meridians, parallels 
andrumbes drawn accordins to this projection ; but the ſea-coaſts 
mult be inſerted by the like art and means as they have formerly 
been inſerted into the common ſea chart : otherwiſe he that ſhall 
transfer places out of the common ſea-chart into Aercators, with- 
out due knowledge and reſpet upon what occaſion, or for what 
reaſon they were fo placed in the common ſea-chart; he ſhall tranſ- 
fer the errours of the one into the other,and that ſometimes with in- 
creaſe. Wherefore it requires more than an ordinary judgment, to 
draw a plot dire&Qly according to this proje&ion, for any place or 
places; and he muſt further know, or be made acquainted with the 
reckonings of Mariners frequenting thoſe places;and that truly whe- 
ther with allowance or without, and whether agreeing or diſagree- 
ing with their plots; and ſo comparing one thing with another,and - 
'weighins all in the ballance of a good judgment, he ſhall be able to 
doe it. The ground of the projection of this kind of charts was point- 
ed at by Ptolomey, many hundred years ſince; and according to that 
ground, Mercator did of late years ſet forth an univerſal map of the 
world whereupon theſe have been called 7ercators Charts. But the 
way how to deſcribe them was firſt taught by that learned Naviga- 
tour of onr times M. Ed. Fright, in his book of the Corretions of er- 
rours in Navigation. From whence alto the groundand reaſons of 
theſe enſuing problemes are to be taken:and if we would be as grate- 
ful ro our own Countrymen ;as to ſtrangers , I ſee not but we may 
aſcribe as much to him 1n this as to any other man.Now that which 
he hath ſhewed to perform by the charct it ſelf, we will here ſhew to 
work by the do&rin of plain triangles;tfing the help of his table of 
Latitudes:of which, as M.G#zters table forthe diviſion of the meri- 
dian Line is anabridgment;conſiſting of the quottents ofevery ſixth 
number,divided by 6,and two figures cut off:ſo this which I here ex- 
hibit,and call a table of Meridionall'parts, is alſo an abridgment of 
that Table of M.7rights:namely every ſixth number cutting off 4 fi- 
Sures. So that this Table ſheweth how many parts every degree and 
every tenth part of a degree of latitude-in this chart, is from theE- 
quinoQial:namely,of ſuch parts as a degree of the EquinoRial con- 
taines 60; he thatdeſires a larger Table may uſe M. 1righroextant 
in his book before mentioned. | A 
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The uſe of this Table ſhall partly appear in the Problemes follow- 
;ng, and may firſt be illuſtrated thus. 


Prob. 1. To finde by this T able, what 2Meridionall parts are contained in 
any difference of Latitwde. 


Take the meridionall parts anſwering to each latitude, fubſtra& 
the leſſer from. the greater ; the remainer is the number of meridio- 
.nall patts, conteined in the difference of latitude propoſed. 


As let the one latitude be yo deg: oo? 3475 : 
The other 32 25 2058 c Merid. parts. 


The merid. parts contained in the _ 
difference of latitude 1417 Difference 


Probl. 2 The latitudes, and difference of longitude of two places given : to 
finde the rumbe and diſtance. | 


To the intent the application may be the more evident, we will 
give examples of two places expreſſed in the chart, 

As admit the latitude of the Zizardto be 5odeg. oo the latitude 
of Summers Lands, ſometimes called the Bermudzs, 32 deg. 25/, and 
the difference of longitude to be 70 deg: 007; the Swmmers Ihands 
being ſo much to the weſtward of the Lizard: 1demand the courſe 
and the diſtance from the one to the other? 

As in this right angled triangle ADB, 
D Let A repreſent the Lizard, and AB the 
parallel thereof, D Summers 11ands, and D 

| Þ the the meridian thereof. 
Then is theregiven D 3 the difference of 
K B latitude x 7 deg. 35/, and A 2, the difference 
of longitude 70 deg. oo/ ; whereby the an- 
gles and hypothenuſal ſhould be found, by the 4 and 2 caſes of plain 
Gicagier. bon becauſein this kinde of projeion, the degrees of lon- 
gitude and latitude are not equall ; (except iu places neer the E- 
quinoGCtiall ) the degrees of latitude at every parallel , exceeding 
Go degrees of longitude, in ſuch proportion as the EquinoRiall ex- 
ceeds that parallel : therefore theſe differences of longitude and la- 
ticude muſt firſt be expreſſed by. ſome one common meaſure. And 
for that purpoſe ſerves the foregoing table, which ſheweth how ma- 


ny 
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ny equall parts are from the EquinoGtiall to every degree of latitude: 
namely, of ſuch equall parts as a degree of —_—_— contains 60.! 

Wherefore multiplying 70 deg. cc/, the difference of longitude, 
by 60, I have 42co, for the meridionall parts contained in the dif- 
ference of longitude ; alſo (by the laſt probleme) I finde the meri- 
dionall parts contained in the difference of latitude to be 1417 ; ſo 
that D B is 1417 parts, and ef B 4200oſuch parts. 

T herefore by the 4 caſe of plain Triangles. 

As the differ. of latitude in parts, D B 1417 parts. co.ar. 6,9486 2 

is in proportion to Radius: 

So is the differ. of longit.in parts, AB 4200 parts. 2,62225 

to the tangent ofthe rumbe, tD716. 210. 10,47188 

Which ſheweth the courſe from the Summers 1ands,to the Lizard 
to beexze 3 deg. 51/caſterly ; or, from the Lizard to the Summers - 
Tlands, w 5 w, 3 deg. 51? weſterly. 


Secondly, for the diſtance in the rumbe. 

Reduce the difference of latitude into miles, (multiplying the de-.. 

orees by 6c, and to the product adding the minutes.) 
Then by the 2 caſe of plain triangles. 

As ſine complement the rumbe, 5s A, 18 deg. 39/.80.ar. 0,49514- 


E 


to the difference of latitude: ®D B, 1055 miles — 93,02325 
So is Radius, Yom 
to the diſtance eAD 3299 miles 2,51829 


Which is almoſt 11co leagues, and this is the diſtance meaſured in. 
the rumbe; there is a nearer cut between theſe two places, whereof 
we ſhall ſpeak hereafter in Great Circle ſayling ; but here whenſoever - 
we ſpeak of the diftance of two places, we niſſmn their diſtance mea- 
ſured in theirrumbe. . 


Probl. 3. The latitudes of two places, and their diſtance given : to finde 
the rumbe, and difference of longitude. 
Admit Ifaile from the Lizard, being in the latitude of 50 degrees, 


- upon ſome point to the weftward, 3299 miles; and then finde my ſelf 


inthe latitude of 32 deg. 25*: 1 would know upon what point have 
made my way good? and how much I have altered my longitude > - 
The difference of latitude D Z is 17 deg. 35”, which reduced into - 
miſests 1055 Miles. | | = | 
Ss 
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As the diſtance fayled, AD 3299 miles, co. ar. 6,48161 
is in proportion to Radius ; | | 
So is the differ. of latitude, D B1og5 miles, @ 392325 
to ſine compl. the rambe. 5$se £18 deg. 39/. 9,50486 
That is ws w 3 deg. 51/ weſterly. 


Secondly, for the difference of longitude. 


Finde by the firſt probleme what meridionall parts are contained 
inthe difference of latitude, which are here 14:17, then ſay, 
As Radius, 
to the differ. of latitude in parts: D B, 1417 parts, 3,15127 
So is the tangent of the rumbe, #2 D, 71 deg. 21, 10,47188 
to.the differ. of longitude of parts. A B, 4200 parts. 3,62325 
Which parts reduced into degrees, dividing them by 60, the quo- 
tient is 70 deg. the difference of longitude required, 


Probl. 4. By the rumbe, and lutitudes of two places given : to finde their 
diſt ance, and difference of longitude. 


Admit I fail from the L:zard,being in the latitude of 50 deg. ws w 
2 deg, 51' weſterly, till I finde my felfe in the latitude of 32 deg. 25: 
I demand how far I have ſayled, and how much I have altered my 
longitude ? | | 
The diſtance is found as in the later part of the ſecond probleme 
thus. The difference of latitude converted into miles is 1055 miles. 
Say then, . | 
As ſine compl. the rumbe, $4, 18 deg. 39/. 0,49514 
to the difference of lagygude : D Z, 105 5 miles 3,02325 
So1s Radius, ————— 
to the diſtance. AD, 3299 miles 3,51839 


And ſo much is the diſtance : the difference of longitude may be 
found as in the later part of the third probleme ; ſaying, 
As Radius, to the difference of latitude in meridionall parts : 
fo is the tangent of the rumbe , to the difference of longitude in 
minutes. 


Prob, 
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Probl: 5 By the difference of longitude, rumbe, aud one latitude : to finde 
the other latitude and the diſtance. 
Admit I ſaile from the Lizard, being in the latitude of 50 d. w 5 w 
2 deg.51/ weſterly,till I have altered my longitude 70 deg. how much 
have I laid the pole, and how far am Ifrom the Lizard ? 
Reduce the difference of longitude into minutes, by 60, andſo it 
makes 4200 ; then ſay, 


As the tangent of the rumbe, eD, 71d. 21). co ar. 9,52829 
to the differ. of longitude in parts: AF, 4200 parts. 2,62325 
So is Radius, 

to the differ: of latitude in parts. DB, 1417 J,I 5154 


Now the meridionall parts anſwering the latitude of 50 deg. oc/, 
are 3475, from which ſubſtracting 1417 here found, there remains 
2058, againſt which 1 finde inthe firſt column of the table 32 deg: 
257; which. is the latitude required of that other place to which 1am 
come : ſo that the difference of latitude is 17 deg.35/. 

Secondly, for the diſtance. 
Having already the rumbe, and difference of latitude, it may be 
found as in the ſecond and fourth problemes : ſaying, 

As fine compl: the rumbe, s A 18 deg. 39/. co. ar. 0,49514 


to the differerence of latitude: D B, 1055 miles 3,02325 
So isRadius, > v: 636-0 
to the diſtance eA D, 3299 miles 3,51839 


Probl. 6 By the rumbe, the diſtance, and one latitude given : to finde the 
other latitude, and the difference of longitude. 


AdmitI fail w 5 w 3 deg.51/ weſterly,3259 


miles ; and then finde my ſelfe in the lati- D 
tude of 32 deg.25/ : I demand the latitude ; 
ofthe place from which 1 came, and the 
difference of Jongitude between that and = 
this ? A B 
Firſt, for the difference of latitude. 
As Radius, | 
to the diſtance runne : eAD 3299 miles, 3,51838 
So ſine compl. the rumbe, - seA18deg 39%, 9,50486 
to the difference of latitude. D B 1055 miles, 3,02324 
S Which 
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Which 1055 miles converted into degrees, is 17 deg. 25”, the dif- | 


ference of latitude required : which added to 32 deg. 25/, makes 50 
deg. oc/ the latitude of the firſt place. 

The difference of longitude is found as before in the third pro- 
bleme : ſaying, F ; 

As Radius, to the difference of latitude in meridionall parts: 

ſois the tangent of the rumb, to the differ. of longit- in minutes. 

And thus the difference of longitude will be found as in this ex- 
ample to be 7o deg. oc/. - 

If atany time you deſireto convert this difference of longitude 
found inany parallel into miles, you may do it after this example. 

7 Admit there be two places, both in the parallel of 50 deg. 
which differ in longitude 70 deg. oc/: Idemand the diſtance of 
theſe two places ? 

Firſt, it is to be underſtood, that the minutes of longitude in any 
parallel, are in proportionto the diſtance in miles ; as the equino- 
Qiall,is to thac parallel; oras the ſemidiameter ofthe one 15 to the 
ſemidiameter of the other. That is, 

As Radius is in proportion, 


to ſine compl. the latitude: sc 5odeg.ocl, 9,80%07 
S0 is the difference of longitude 4200 minutes, 3.62325 
tothe diſtance in that parallel. 27co miles. 3,43122 


Problemes of ſayling by a Great Circle. 


N the former problemes of ſayling, whether by the plaine Chart, 
or that called Aercators, we have uſed meridians, parallels, and 
cumbes, as the i1des of every triangle. But here we uſe not the rumbs 
ſo, becauſe they are not circles, but heliſphericall lines ; nor the pa- 
rallels, becauſe they are not great circles : whereas the ſides of eve- 
ry ſphericall triangle muſt be arches of great circles. But here we 
uſe arches of the meridians, and of the EquinoRiall, and of other 
great circles drawn, Or imagined to be drawn from one place to ano- 
ther, upon the ſphericall ſuperficies of the earth and ſea. Firſt,there- 

fore, | 
1f two places lie under the Equinofiall ; their poſition is eaſt and 
weſt, and the degrees of their difference of longitude RT into 
| eagues 
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leagues or miles, is their diſtance in leagues or miles. 

If twe places be in the ſame meridian ; their poſition is north and 
ſouth, and the degrees of their difference of latitude, converted in- 
to leagues or miles, is their diſtance. 

And thus farre doth this kind of fayling agree with the two for- 
mer ; the difference between this and them may appear in the pro- 
blemes following. 


Probl: 1. Two places being propoſed, the one under the Equinotiall, the o- 
ther 1n any latitude given ; and the difference of the longitude 
of the ſame places being alſo known : to finde, 


1 Their neareſt diſtance in a great cirele : 
2 The airett poſition of the firſt place from the ſecond : 
3 eAndof the ſecond place from the firſt. 


The angle that the rumb leading from one place to another, makes 
with the meridians, is ſometimes, called the poſition of thoſe places. 
But becauſe the arch of a great circle, drawn between two places, is 
the moſt dire& way, and neereſt diſtance from the one place to the 
other : therefore the angles which that arch makes with the meri- 
dians of thoſe places; we here call the angles of the dire poſition of 
thoſe places one from another. 

Now in this Diagram, let D repreſent 
that part of the entrance of the river of A- 
»4zomes, Which lyeth under the EquinoQi- 
all line; DB anarch of the EquinoGQtall ; 
and let A repreſent the LZizard, lying in 
the latitude of 5o deg : oo/ northerly, and 
A 8B the meridian thereof ; and admit 
their difference of longitude D B to be 51 
deg. cc/. 

Then in hfs triangle A D B, right angled at B, there is required 
AD, the neereſt diſtance of theſe places in the arch of a great cir- 
cle; theangle B A D, which is the angle of the direc poſition of the 
Amazones from the Lizard, and the angle B D A, being the comple- 
ment of the angle of the dire& poſition of the Lizard from the 
Amazdness 


- 1 Foy theneereft diſtance AD, Seeing there are given the ſides 
__ 9 3 AB 
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e4 Band D B: therefore by the firſt fundamentall axionie of ſphe- 
ricall triangles. 

$6 AD+Rad: =sceAB+5cDB, therefore sc AB+ 5c 
D B— Rad: = 5c AD,and (o it fals into the 10 caſe, thus. 


T he difference of longitude s DB g1 deg.oo!, scDB 9,79887 


T he difference of latitudes AB50 oo, SCAB 9,80807 


T he diſtance AD66 ©8, scAD 9,6c694 
Which 66 deg. 08/ converted into leagues, is 1 3323 leagues;which 
 isthe neereſt diſtance between theſe two places. 


2 For the dirett poſition from the Lizard, to the Amazones ; namely, 
the angle B A D by the ſame things given. | 
s AB + Rad. =tD B+tc BeAD; therefore 5 oF Bj-Rad. 
—tDB=tcBAD,thatis,,eA B+tcDB=tcBAD, aba- 
ting Radius, and thus it fals into the 1 2 caſe, and is wrought thus. 
T he difference of latitude is AB godeg.co', s AB, 9.88425 
T he difference of longitude s DB 51 co,tc DB, 9,90827 
The angle of poſition 14 BAD58 i11,tcA 9,79262 


3 Foy the dirett poſition from the eAmazenes, towards the Lizard, 
namely, the complement of the angle B D ec. 

s DB + Rad. =t AB+tcD, therefores D B + Rad, —t AB 
=tcD, therefore s D B + tce 4B =t1c D, ſtill abating Radius,, 
and ſo it fals into the 11 caſe, and is thus wrought. 


T he difference of longitude s DB 51 deg. oo, s D B,. 9,89050 
T he difference of latitude 5s A Bgo oo tcAB,. 9,9238r 
The angle of poſition is compl: BD A 33 o7,tcA, 9g,81431 


If you would have the letters in all examples to agree with the: ex- 
emplary tables, you muſt marke your right angled triangle two 
wayes, and the oblique ſix wayes, as we have before ſhewed.; and it 
will not be amiſſe to doe fo, eſpecially if you uſe thoſe tables. But as I 
have before ſaid,! would rather wiſh every man, to deduce his opera- 
tions from the two fundamental axiomes &their conſeRaries,in ſuch 
ſort as I have here ſhewed in theſe three examples, for the like is to 
be conceived inall others, though it be not expreſſed. Yet Thave ſet 
down thoſe Exemplary Tables for all the caſes in all kinds of trian- 
gles ; as well becauſe ſome others have in part done the like before ; 
(though. 
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(though ina different manner) as becauſe a man may by them rea- 
dily examine the forme of his work. 

The three parts of this probleme,and fo the reſt that follow,might 
have been as welt reſolved in the quadran- 
tall triangle ADG. Where < repreſents 
the north pole; the angle at G, the diffe- 
rence of longitude ; A G the complement 
of the latitude of the Lizard; A DG the 
angle of direR poſition from the Amazo- 
es tothe Lizard, &c. As admit this laſt A 
angleeA DG wererequired ; Then foraſ- 
much as there is given the angle G, being 
the difference of longitude, and AG, the 
complement of the latitude : therefore by the firſt fundamentall 
Axiome. | 

sG + Rad =tc AG+teADG, therefore sG +t AG = 
A DG, and thus it fals into the 7 cafe of quadrantall triangles, and 
is wrought as in this example. 

T he difference of longitude ws .- G 51 deg. oo, 8G 9,89050 

T he latiitnae #5 compl : AG5o coo, tAG9g,g92381 

T he angle of poſition 4 ADG33 @©,tADG 9.81431 

The ſame migitt have been found inthe quadrantal triangle ADF: 
all which to handle particularly would be too tedious ; therefore it 
ſhall ſuffice hereafter to ſhew this application onely in right angled 
triangles, for by this one example of quadrantals, you may conceive 
the reſt. | : 

And thus it appears, that he which would ſail the neereſt way from 
the Amazones to the Lizard, ſhould at firſt ſhape his courſe 3 3 deg. 
o7/ from the meridian tothe eaſtward, that is almoſt 2 points of the 
compaſle, namely, ne b ». Now admit the wind ſhould fo ſerve that 
he might come away » e by x, yet it is to be underſtood, that in this 
kind of ſayling, he is not to continue this courſe. long, but to. ſhift: it 
as often as occaſionrequires, ftill inclining more and more to the 
eaſtwards, Which how it may be done, we ſhall more expreſly ſhew 
hereafter. 
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Probl. 2. Two places being propeſed the one under the Equinoftiall, the 0 
ther in any latitude given ; and the neareſt diſtance in 4 great 
circle of the ſame place, bring alſo known © ro finde, 

1 Thar difference of longitude, 
2 The dirett poſition from the firſt place to the ſecond, 
3 And from the ſecond place to the firſt. 


Let the places be the ſame as before ; and let there be given the 
difference of latitude 4 B 50 deg- oo, and their neareſt diitance 
A D 1322: leagues, that is 66 deg. o8/ in the arch of a-great circle. 

Firſt, then for the difference of longitude D B, by the 12 caſe of right 
angled triangles. 
T he latitude is AB 50 d..cof. co. ar. $ AB, 0,19193 
T he neareſt diſtances, AD 66 08 SC AD, 9,60704 
The differ. of longitude s DB 5: 00 sc DB, 9,79897 


Secondly, for the direft poſition from A to D, by the 13 ( aſe. 


T he Lutiinde is AB godesg: oof. tAB, 10,09619 
The neareſt diſtance ts AD 66 08. tcCcAD 9,64586 
T he poſition 1s BADg58 . 11.5 A 9g,72205 


Thirdly, for the dire poſition from D to A, by the 14 Caſe. 


The neereſt diſtances A D 66 deg. 08/. co.ar.s A D, 0,03882 


The latitnde 1s AB5o: oo «+ $SAB, 9,88425 
The 7 yy complem. BD A33 O©7  $BDA, 9,923 
In like ſort, if there were giventhe latitude 4 B, and the ansle of 
dire& poſition Z AD : we might findethe difference of longitude 
BD, by the firſt caſe of ſphericall triangles ; the dire& poſition B 
D A, by the ſecond caſe, and the neereſt diſtance A D by the third 
caſe. And thus we might proceed to frame in all 30. queſtions tous 
.ching theſe two places, as we have before ſhewed in handling right 
angled ſphericall criangles. Which things I leave to your own pra- 
Giſe, to uſe as much brevity, as I may. 


Probl. 3 Two places propoſed, both in twe and the ſame latitude given; and 
their difference of longitmde being alſo known : To finde, 
I The neareſt diſtance of thoſe two places, | 
2 The dirett poſition of the one place from the other. 
Admit there be two places, both in the latitude of 50 degrees, 00/ 


nor- 
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northerly, and differing in longitude 70 deg. oo; I demand their 
neereſt diſtancein the arch of a great circle and the dire& poſition of 
the one from the ather? 

In the7 probleme of ſayling by erca- E 
&rs Chart, there was required the diſtance # 
of theſe two places meaſured in their paral- # , 
[el : but here is required their neareſt di- | 
ſtance in the arch of a great circle. \ 

As in this triangle E AD, let the two A; 
places be Eand A, and let Dbe the north 
pole, then 4 DandE D are either of them 40 deg: co/; namely, 
the complement of the latitude, and the angle Z D A is the diffe- 
rence of longit. 70d co; there is required the neareſt diſtance E B 
A, and the dire& poſition from the one to the other DE Aor D A 
E : for inthis caſe thoſe two angles are equall. 

And ſeeing E-D 1s equal] to A D, therefore letting fall the per- 
pendicular D B, thetriangle E D Ais divided into two right angled 
triangles, EDB and ADB,which are every ways equall. Wherefore 

Firſt, for the neareſt diſtance E A ; there is given in the right angled 
triangle A D 3B, the com plement ofthe laticude 4 D 40 deg. oo/, 
and half the difference of longitude AD Z 35 deg.oo/; whereby I 
finde 4 B agreeable to the 8 caſe thus. 

T he compl. of the latitude is AD 40 d. Coy. SAD 9g,g0807 

Half the differ:of lungitude 5s ADB 35 eo S$ADB 9,75859 

Half the dift ance is AB21 38 s A B 9,56666 

Which doubled is AE43 16 And this converted in- 
to miles is 2596 miles, the neareſt diſtance of theſe two places in the 
arch of a greatcircle, being leſs thentheir diſtance meaſured in their 
parallel by 104 miles. 

Secondly, for the dirett poſition D A B, by the 9 caſe. 

T he compl. of the latitudes AD4od.oo. $cAD 9.88425 

Half the differ. of longitude s ADB 35 oo. ,tADB 9,845 23 

T he angle of poſetion us DAB6!r 48. rtcDARB 9,72 4s 

Which fheweth, that he which would goe the neareſt way fo A 
to E,muſt not goe welt, though both be under one parallel;but ke is 
at firſt to ſhape his courle from 4, w »w half a point norther ly ;af- 
terwards w # w,and ſo by little and Jittle w þ »; then weſt;then _ 
afterwards ws w; andatlaſt ws w 3; point ſoutherly, She 
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Probl: 4 Two places propoſed, both in ane andthe ſame latitude given; and 
their neereſt diſtance being alſo knows : To finde, © 
1 Their difference of Longitude. 
2 The direct poſition of the one place from the other. 
" Admitthere be two places as Aand E, both inthe latitude of 56 
degrees northerly ; and let their neareſt diſtance be A BE 2596 
miles, that is 43 deg. 167: I demand their difference of longitude, 
whichis the angle ADE, and the dire& 
« poſition ofthe one from the other, namely, 
the angle DAEorD E-A ? 
Firſt, fer the difference of longitude A D E. 
D Seeing that ABE is 43 deg: 16, there- 
fore AB is 21 deg. 38/ : wherefore by the 
14 caſe of right angled ſphericall triangles, 
Ifinde A DE thus. 


T he compl. of the latit. is A D 4o deg. cc/, co.ar.s A D 0,r9193 
Half the diſtance is AB 21 38 s AB 9,56663 
Half the differ. of longit. ADB 35 ©0 SADB 9,75856 
Which doubledis A DE 70 oo, the difference of longi- 
rude required. | FE; 


Secondly, for the diret poſition D AE or D A B, by the13 Caſe. 
T he latitude i the compl. of AD 5o deg. oof. tc AD 10,07619 
Half the diſtance 15 AB 21 = 3 AS 9o,rfo9:s 
The angle of poſitions DAB 61 48 scDAB 99467454 


Probl: 5 Twoplaces propoſed, both inone andthe ſame latitude gives ; 
and the diſtance of thoſe places in their parallel beins alſo 
known : To finde, h 
1 Their difference of longitude, 
2 Their neereſt diſtance in the arch of .a great circle : 
3 The dirett poſition of the one from the other. - 


Admit there be two places, both in the latitude of 50 degrees, 
oo minutes northerly ; and let the diſtance of theſe places in their 
parallel be 2700 miles ; there is required their difference of longi- 
tude, &c, | 

We 
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We have noted before,'that as the ſemidiameter of a parallel, is 
1n proportion to the ſemidiameter of the equinoGiall: ſo is any 
number of miles inthat parallel, to the minutes of longitude, anſwe- 
ring to thoſe miles: and if we ſuppoſe the ſemidiameter of the equi- 
nottiall to be radius,then the ſemidiameter of any parallel is the ſine 
of that parallels diſtance from the pole, that is the ſine of the com- 
plement of the latirude of that parallel. Therefore, | L- 


As ſine complement the latitude, vc 50 deg. oc/. coar. 0,19193 


to Radins: 

ſo the diſtance in that parallel, 2700 miles, 2,43136 

zo the difference of longitude. 4200 miles. | 3,62329 

Which converted into degrees, is 7odes. co/, the difference 
of longitude, required. | 


And thus having found the difference of longitude. The neareſt 
diſtance, and the direc poſition may be Found as in the third pro- 
bleme before going, which with ſuch other queſtions as might be _ 
 movedinthis triangle 4 E D, 1 leave to your own practice. 0 | 


Probl. 6 The latitades of two places being given, together with their af- 
ference of longitnae, T o finae, | Ir + 
I Their mereſt diſtance in the arch of a great circle, 
' 2 The dirett poſition from the firſt place ta the ſecond, 
3 And from the ſecond places o the firſt. | 


As inthe angle ADE. Let A repreſent 
the north pole, D the Lizard, lying in the 
latitude of 5o degr. oo min. the comple- 
ment whereof is'A D 40 degr. oo min. and | 
let F repreſent the Summer 1lands, lying in 
the latitude of 32 degrees, 25 minutes, the 
complement whereof is AE 57 degrees, 35 
minutes ; .and'let their difference of longi- 
tide be 70 deg. comin. namely, the con- 
teined angle D A ZE : there is required the 
neareſt diſtance of theſe two places ED,and - | 
the ſeverall poſitions of the one from the other,namely,the angles 4 
DE and A E D. So that here are given two ſides A D and 4 E with 
their conteincd arigle DAE: and firſt there is required the third ſide 
ED.” | - "08 Where.. 
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Wherefore according to the direRions, chap. 5-of ſpherical trian- 
gles, I let fall a perpendicular from E or D, for ſo it will fall from the 
end of a {ide given, and oppoſite toan angle given, &c. As firſt, let it. 
fall from the point of the Lizard repreſented here by D, upon the 
meridian of Summers [ſlands A E; and becauſe the anglesat Aand E 
are both of one kinde, namely, both acute, therefore the perpendicu- 
lar falls within the triangle. 
Then for the neereſt diſtance required E D,the way hath been for- 
merly to finde it at three operations, thus : 
Firſt for the perpendicular D B, by the 8 (aſe of right angled triangles, 
T he compl: of latitudes AD wu 4qodeg.od. s AD, 9,80807 
T he differ: of longitude DAB 470  ©o. $A, _9,97298 
T he perp: ndicular DB =z« z7 10. SDB, 9,78105 
Secondly, for the diſtance of the perpendicular from the pole A B,by the 7( aſe. 
The differ: of longitude DAB # 70 deg. oo. s« DAB, 9,53405 
T he compl: of latitude AD #u40 oo. tAD, _9,92381 | 
The firſt arch " AB x16 'or. - tAB, 94,45786 
Which ſubſtracted from AE 57 35, there remaines 
the ſecond arch EB - gr 24- w 
Thirdly having found D B, and E B,we may finde ED by the 1©Caſethas. 
T he perpendicular DB #« 37 deg. ic. $cDB.,. + 9,90139 
T he [econd arch EB «41  . 34 ',ScEB,  9,87401 
T he neereſt diſtance ED is 53 24 <+*$&ED,. 9,77540 
Which 5 3 deg. 247 converted into miles is 3204 miles, or 1068 
leagues ; and this is the neereſt diſtance required inthe arch of a 
great Circle. = 


Note. And thus in any oblique ſpherical triangle, when the que 
ſtion is ſuch that it requires the pl wqw-ae! to belet fall, you may, 


reſolve it at three operations, by the caſes of a right angled triangle 
onely : the manner how, is of itſelf ſo maniſeſt, that it ſeemed ſuper- 
fluous to handle it particularly. Wherefore, as before in the caſes and 
problemes of this nature, ſo in. thoſe. which follow ; it ſhall-ſuffice to 
ſhew their reſolution at two operations ;. which as it is much readier 
being well underſtood, fo it is ſomething harder to be underſtood 
than the.former. ERR 2s af ok 

Firſt, therefore the complement of the one latitudebeing 4 D 40 
deg. and of the other e LE 57 deg :  35/: andthe difference of Or 

& | D _ .Pirude 
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girudeDAZ 70 deg. we may find the neareſt diſtance E D at two o- 
perations agreeable to the34 caſe of oblique ſpherical triangles;thus, 
T he difference of longitude, D A B #5 70 deg.oo). s c DAB,9,5 3495 
T he complement of latitude, AD #40 oo tAD, 9,92281 
The firſt arch AB x16 o tAB, 9,45786 
Which ſubtracted from A E 57 45, there remaines 
the ſecond arch * BB. at | 
e's fine am gry 4 arch, sC A BSc 16deg. 01/, 0,01719. 
to ſine compl: the ſecond: $CEB $SC41 34, 9,87401 
| Sothe ſine of the latitude, $CAD 550 co, 09,88425 
to fine compl: the diſtance, $sc ED $36 36, 9977545 
Therefore the arch E D is 53 deg. 24/,. which is the diſtance! of 
theſe two placesin the arch of a great circle ; and this converted in- 
to leagues is 1068 leagues, as before. | 
Secondly, by the ſame things given :* to finde the dire poſition of the 
one place from the other. | 
As firſt,to finde the poſition from Summers 1/ands, which ſuppoſe 
to be at E, to the Liza d at D. | | 
Here according to the third condition ; | 
of letting fall a perpendicular, chap. , 
L let it fall from the Lizard at D, that 
ſo it may be oppoſite, not onely to the 
angle given at A, but alſo to the angle 
required at E. And then agreeable-to 
the fourth caſe of oblique ſphericall tri- 
angles, 1 firſt finde as before eLB to be 
almoſt 16d.1/,8& EB 41d. 34/,then I ſay 
as s ABtos EB,lorc AtotcE. Orif 
you would not work by their compl:ſay | 
eAs fine the ſecond arch , SE B 4rdeg. 34/. co. ar. 0,19816 


to ſine the firſt arch: Ss AB 16 ot _ 9,44044 
_ So the tangent of the longitude, EePAE70 co I 4g 4 3 
to the tangent of direft poſition. t AED48 47  1©,05753 


Whereby it appears, that the angle of poſition from & towards D, 
is 48 d.q7”, that is from the north part of the meridian Ze, 4 points 


3 deg.47” namely, x c 3 d.q7/ caſterly. | 
: o T 2 T her d- 
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T hirdly, by the ſame things given : to finde the dire poſition from 
| - _ place to the firft. eAs from the Lizard to Summers. 
ands. 


Dj; 


Here the worke differs not from the for- 
mer, provided, that you let fall the perpendi- 
cular fo, as it may be oppoſite to the angles 
Siven and required. As in this triangle, let 
A be the pole, E the 'Lizard, D Summer 1- 
lands, the perpendicular I let fall from D to 
B, that ſo it may be oppoſite to the angle 
Sivenat A, and to the angle required at E. 
Then is 4 D 57 degrees 357, A £40 deg.co/, 
D A &E 70 deg. oc/, therefore I ſay, 


T he differ of longitude D A B is 50 deg. oof, sc DAB, 9,53 405 

| The compl. of latitude ADzu57 235 tAD 10,1972r 

T he firſt. arch AB: 28 18 tAB 9,73126 
- Which taken from AE 40 c© there remaines 

The ſecond arch EB 1 - 42, wherby the angle at £ 

is thus found. as s ABto EB: ſotc A.to tc E;or to ſhun the-com- 


plements, 
As ſine the ſecond arch, SEB 11 deg. 42/, co.ar. 0,69296 
zo fone the firſt arcb : SAB 28 12 9.67445 
So the tangent of the longituae tA 75O ofo __10,43895 
ro the tangent of drett poſition. t E - | $1  - I 0,306 34 


Which is the angle of the dire& poſition from the Lizard toward 
Seummer lands, being from the north part of the meridian to the 
weſtwards 7 points of the compaſle, and almoſt a quarter, that is w 
by n 2 deg 2 3/ weltery. 
 Andthus it appears, that he which would fail the neareſt way 
from Summers 1/ands to the Lizard, muſt at firſt ſhape his courſe- 
» eeaſterly, afterwards by degrees # e bye, thene #e, then eby », then 
eaſt, then eaſt ſoutherly, &c-as we ſhall more particularly ſhew here- 
after, and the like is to be underſtood of other places. 

But here, after the firſt part of this probleme was wrought, name- 


ly, after the diſtance of the two places E and D was found, the = 
* +; | s es. 


> | 
by a Great Circle. | I4r 
ples of poſition from the one to the other , might have been more 
_readily-found, either of them at a ſingle operation, asinthis follow- 

ing probleme. ef py 't "2 Fs | 
Probl..7 The neareſt diſt ance of two places, with their difference of lopgzs 
tude, andone of their lat ndes given : to finde the diet poſits - 

on thereof from the other. | 


As admit the diſtance in a: great cirlce from the Lizard to Srm- 
mer 1lands, namely, from E to D,to be as it was before found 1068 
leagues, or 52 deg. 24/; and let their difference of longitede E A D 
be 70 deg. co! ; and let the latitude of the Lizard be 5o deg: oc/, 
whoſe complement Z Ais 40 deg : 0c7; there is required the dire& 
poſition from Summers Hands to the Lizard, namely, the angle A D 
E. Then doth this probleme come under the ſecond cafe of oblique 
ſphericall triangles, and is thus reſolved. | 


As the ſine of tbe _ SED 53 deg. 24/, CO.Ar-. 0,09538 


of the places, 
to fine their differ. of longit. SD AE 70 co, 9, 97298 
So fine compl. the latitude of <4. 2 | | 
the one place given, 4 0, 9,80807 
to the ſine of the dire& poſiti- 675-2: hf 
on from the other. SADE 48 48, 9,87643 


Whereas there is a minute difference between the arch before 
found, and this ; it may ariſe by negleQing ſome ſeconds or parts| of 
- a minute in thework, which here we regard not. | 

. Inlike manner, by the complement of the other latitude given, 


l 
| 
i 


| 


A D,we might finde the direc poſition from the Lizard to Summers: 


Tlands, namely, the angle eAE D. 


And thus we might proceed to frame many other queſtions "M0 


this triangle to.che number of 60, touching the diſtance, difference 
of longitude, latitudes, and angles of poſition of theſe two pla; "4 
which will not be hard to him, that underſtandeth what we have 
before delivered touching oblique ſphericall triangles. [/ 
And what hath been ſaid touching theſe two places,” the fame 
is to be conceived of any other two places differing in their longi- 


tud:s. 


L 


| 


+* 
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tudes and latitudes. And though the one place ſhould have latitude 
"northerly, and the other ſoutherly, yet is the operation little diffe- 
rent, for ſtill the arches of their meridians intercepted between them 
and the neareſt pole, aretwo ſides of the triangle.the arch of a great 
circle intercepted between the two places is the third ſide ; the an- 
gles contained between that arch and the meridian of either place, 
arethe angles of poſition ; and the angle comprehended between 
their two meridians, is their difference of longitude. Therefore paſ- 
ſing over theſe, we haſte to ſuch things as more neceſlarily concern 
the praRice of failing by a great circle. 


Probl.'8 To finde by what lengitudes and latitudes the arch of a great Cir- 
cle doth paſſe. © 


We have ſhewed before how to finde the diſtance of two places 
in the arch of a great circle, as alſo the angles of dire& poſition from 
the one to the other : here is required the longitudes and latitudes, 
by which that arch of a great circle doth paſſe. : 

As in this triangle, Let A be San 
mers Ilands, E the Lizard, eA E an 
arch of the great circle, paſſing by 
theſe places ; it is required to ſhew 
the longitudes and latitudes bywhich 
this arch eLE doth paſſe. 

Here it is requiſite to let fall a per- 
dicular from the pole D, to the arch 
cA E, (extended if need ſo require) 
which let be DB ; then firſtto finde 
the length of that perpendicular ; ſe- 
condly,the parts of the vertical angle 
eADB we E DB, for theſe being 

| had, every other queſtion wil fall in 
right angled triangles, and fo be reſolved by the addition of two 
numbers onely. | « | 

Firſt they for the perpendicular D B, there are given the hypothenu- 
fl AD 59 *$3 5/,and the angle of poſition at A was before found 
48 deg-48” : therefore by the 8 caſe, Jn 


| 
| 
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The complement of latitude A D'is 57 deg. 357. SAD, 9.92643 


T he angle of poſition Au4qgs 48 SA 9,87 645 
T he perpendicular DB « 29 26 $SDB, 9,80288 


And this 29 deg.26/, is the complement of the greateſt latitude, 
by which the great circle 1B © doth paſſe, therefore, the greateſt 
obliquity or latitude from the equinotial of that circle is 50 d. 34/ 


Secondly, for the angles A DBandE DB, by the ninth Caſe. 

T he latitnde is the compl: of A ÞD 32 deg. 257. Sc AD, 9,72922 

The angle of dirett poſitions A 48 48. t A, 10,05778 

The angle at the perpend. « A D B58 31 tc ADB 9,78700 

And ſeeing the whole «4 DE is 70 deg. oc, therefore the angle 
EDB is 11 deg: 29/. So that for the greateſt latitude of this circle 
which is B, we have found the difference of longitude from & to E 
D B 11 deg.29/, and from Athe angle AD B 58 deg. 31/7. 

Now the difference of longitude from 4 to EF, namely, the an- 
gle eADE being 70 deg. co/ ; let it be required to finde |by 
- what latitudes the arch A E doth paſſe for every tenth degree of 
longitude from ef. As ſuppoſing the point /, to differ in longitude 
feom A, 10 degrees ; Iwould know the latitude of the ſame point 7. 

Here ſeeing we have before found the angle A D 3 to be 58 deg. 
31/, and the angle A D / being by ſuppoſition ro deg. therefore the 
angle/ D B is 48 deg; 317, and the perpendicular D Z, we found he- 


{ 


( 
# 
N 


fore to be 29 deg: 26”: by which we may finde the complement 'of 


che latitude D 7 according to the third Caſe thus. 


T he angle _IDB 48 deg. 31. sc I DB, 9,82112 
T be perpendicular DB 39 26. tcDB, 10,0849 2 


T he latitude is thecompl. of D1 38 51 tc DN, 9,90604 
In like manner ſuppoſing the point 0, to differin longitude from. 
eA 20 deg. oof, V 3o deg. A 40 deg. N 50 deg. we ſhall finde the 
latitude of the point © to-be-4 3 deg: 347, the latitude of Y 46 deg. 
54), the latitudeof 21:49 deg 047, and the latitndeof NV 5c d. 1 5. 
. .. Note. Fox every of thele differences of longitude propoſed , 
we might alſo finde the diſtances, and angles of poſition contra- 


riwiſe, for any difference of latitude given, we might finde the diffe - 


rence of longitude, the diſtance and angle of poſition: arid: for any 
: di- 
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diſtance given, we mipht finde the difference of longitude and {ati- 
tude, and the angle of poſition. All which will be eaſily performed 
by him that is:a little exerciſed in ſphericall triangles. 
Probl. 9 To finde bow farre a man ſails by the arch of a great circle, and 
' how much he ſhall alter his longitude and latitude, before he alter 
b:: coarſe any number of degrees prepoſed, 

We found before, that the angle of poſition at A was 43 deg.487, 
ſhewing that he which would fail from Summers lands, here repre- 
ſented by A, to the Lizard at E, the direReſt arid neareſt way : 
muſt at firſt ſhape his courſe from. A northeaſt 3 deg. 48” eaſterly... 
Yet he 1s not to continue this courſe, but.to incline by degrees more 
_& more to the eaſtwards,8c.Now thenIdemand how fara man fails 
from A inthearch ofa great circle, before he alter his courſe 7 deg. 
27”, that is before he may ſteer away = ebe; and how much ſhall ke 
firſt alter his longitude and latitude ? _ | 

Suppoſe he muſt firſt come to 7, before he alter his courſe 7 deg. 
27/, then is there required the diſtance A 1,- and the longitude and 
latitude of the point 7. | : = 

Here it is requiſite, that the perpendicular D ZB be known, which 
we before found to be 39 deg. 26, alſo the parts ofthe baſe A Band 
EB, which we may finde by the ſeventh Caſe thus,  __.- 

' T he angle of poſition given A # 48 deg. 48). sc A, 9,81868 

T he complement of latitude, AD #57 35 tAD, 10,19720 


. The baſe © AB #4 46, 03.tAB 10,01588 
Which taken from AE $53 24 
- _ there remaines EB -07 22 


Theſe things premiſed, we come to reſolve the queftion: And con- 
{idering that the courſe. given at 7, is »eby e, which rumbe makes 
with the meridian an angle of 56 deg. 15/, therefore in the triangle 
D1TB,theangle at 7is 56 deg. 15/, and the perpendicular D-3. is 
39 deg: 26”, whereby we may finde 7 B by.the ſixth Caſe thus. ::: :' 


The angle of poſition given T, 56 dep. 159. 'tcDy B,*9;$4489 


T he perpendicular 1s DB 39 '* 46? 7e D B wk 9,9r 507 
The baſe is IB 33 , 20 $s IB © 9.5399 
by Wiwk.akew from” AB 46 © 690 [tf FE 29) 


; 2; 'There remains; © ALT 12 7 43 


Which 


Angle of | Diſt. in 
poſiti -n. |d. & m, 


48—48 ;CO-00 
49—-48| 02-02 
50—48| [03=56 
51—48| [05-43 
52—-48| |07—25 
$5345] [09-03 
54—48| [1035 
55—49] |12=04 


56—1 51 JI 2-43 
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Which converted into leagues, is 2545 leagues, and ſo farre you 
are to fail from A inthe arch ofa great circle, before you alter AM 
courſe - degrees 27 minutes. And in like ſort you may finde it for 
every ſingle degree to be ſuch as by this table appeareth. | 


Where you may perceive, that having runne 
from A towards E by the arch of a great circle 
2 degrees 2 minutes, that is 4c; leagues,you alter 
your courſe one degree more eaſterly then you 
began. When you have runne 3 degrees, 56 mi- 
nutes, you alter your courſe 2 degrees 0o minutes 
&c. as in the table. ; | 

Now for finding the longitude and latitude of 
any of theſe points it may be done by help of the 
perpendicularand angle of poſition given. As if 
there were required, the longitude and latitude 
of the point 7; there is given in the triangle 1DZ, 
the angle of poſition at 7, and the perpendicular 
D B, wherefore by the 5 caſe I finde the comple- 


ment of the latitnde D717, and by 
the 4 Caſe the difference of longi- 
rudeBD/ , theangle B D A be- 
ing before known. | 

But notwithſtanding all that 
hath hitherto beene ſaid, it may 
ſeem hard to direR a ſhip, and to 
keep ſuch a reckoning as may be 
agreeable to this method of failing 
by a great circle, And indeed, as it 
is ina manner impoſſible,ſo neither 
is it neceſſary,that a ſhip ſhould al- 
wayes perſevere exaQtly in the arch 
of a great circle. Jt may ſuffice and 


isalmoſt the ſame'in effec, if a ſhip be ſo dire&ed, that ſhe go neer 


this arch, Which howit may be done, and that with facility, we 
come now to ſhew in this next probleme. | 


vV Pro- 
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Probl, 10. How a man my direBt his conrſes,and keep his reckoning, that 
wonl4 [ail neer the arch of a great circle. 


That this may be the more plain, we will briefly repeat ſome 
things before handled ſerving for this purpoſe. and firſt ſupoſe the 
latitudes, and the difference of longitude of the two places to be gi- 


ven ; then may you finde their neereſt diſtance in the arch of a great 


circle, and the angles of the poſition of the one from the other ; as 
we have ſhewed in the ſixth and ſeventh problemes before going. 
And thus all the parts of the triangle propoſed are known, namely, 
the three angles, and the chreee ſides. 

Secondly, you may finde (as we have before ſhewed in the eighth 
probleme) by what longitudes and latitudes this arch of a great cir- 
cle doth pa Ne, namely, the arch that goes by the two places propo- 
ſed. And this you may doe for every fifth degree of longitude, or 
for every ſingle degree, if you will take that paines Or if your dif- 
ference of latitude be more then your difference of longitude, you 
may doe it for every fifth degree of difference of latitude, or for e- 
very ſingle degree. 

Thirdly, upon a chart or blank lined with meridians, parallels, 
and rumbes according to Mercaters projection ; you may pricke 
down all the longitudes and latitudes found as aforeſaid ; by which 
pricks you may draw arches, which ſhall repreſent the arch of the 
great circle paſling by the two places propoſed: or if you onely draw 
right lines from one prick to another it may ſuffice. Which arch' be- 
ing thus deſcribed on that chart or blanke,you ſhall eaſily ſee there- 
by what courſes to ſhape, and how to keep your reckoning, ſayling 
ſo near that arch of a great circle, as you ſhall think convenient. 


It may ſeem impoſſible, that this arch of a great circle,being upon - 


the chart of blank a curve line, ſhould be a ſhorter paſſage between 
two places, then the right line drawn on the chart from the one ta 
the other. But he that well underſtands the ground and projection 
of this chart, will be able of himſelfe to reſolye this paradox ; foraſ- 
much as the degrees of latitude by which the arch doth paſſe, are 
greater then the degrees of latitude, by which the right line doth 
paſſe : whence it is that the degrees contained in the. wag. 

ew- 
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fewer than thoſe containedin the right line , therefore to proceed. 
Let us take for example the two places before mentioned, namely, 
Summers lands, lying in the latitude of 3 degrees 25 minutes, and 
the Lizard in the latitude of FO degrees co minutes: and let their 
difference of longitude be 70 degrees. 1. 280 | 
AS in this diagram, let E repreſent 
Summers Ilands, D the Lizard, A the 
north pole: Then is A E the comple- 
ment of the latitude of Summers 1layds, 
57 degrees, 25 minutes, A D the com- 
plement of the latitude of the Lizard 
40 degrees: DAE their difference of 
longitude 70 degrees , 00 Minutes. By 
which things given, we may finde their 
neereſt diſtance £ D, as inthe ſixth pro- 
bleme thus : | 
* To ſine complement D A B, that 75, to ſine complement 70 d. oo! 
Adde the tangent of A D, that is the tangent of 40 oo 
T he ſumme 1s the tangent of A B, that ts, the tangent of 16 On 


Which ſubſtratted from A E, that is, from 

There remaines E B, 41 34 
As fine complement A B, that is, ſine complement 16 deg. or 
ro fine complement E B, that 1s ſine complement 41x 34 
So ſine complement AD, that 1, fine complement 4o - 
36 36 


to ſine complement E D, that is, the ſine of 
Therefore the arch E D is 53- 24| 
Which is the diſtance of the Lizard, from Summers Hands, in the 


arch ofa great circle, namely, 1068 leagues. | 
This done, we may finde their poſitions one from another,name- 
ly, the angles at'Z and D by the ſeventh probleme, ſaying, 
As ſine E D 53 deg. 24/, to ſine D AE 70 deg: oo: 
Soſine A E 57 deg.35/, to ſine A D E $1 deg. 08/ the direct po- 
ſition from the Lizard to Sxmmers 1ands. Alſo, 
As fine E D 53 deg. 24/;to fine D A E 70 deg. ©0/: y 
' ſofine eAD 4© deg.cc/, to ſine AED 48 deg. 49); the diret 
V 2 2 
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poſition from Summers 1ands, to the Lizard. And thus are all the 
fides and angles of this triangle diſcovered. 

Secondly, by the 8 probleme, I finde by what longitades and la- 
titudes this arch E D muſt paſſe : For which the former perpendi- 
cular D Z is not apt, therefore in the foregoing triangle: pag : 142, 
Let A repreſent Summers {lands, E the Lizard, D the north pole; 
and let a perpendicular fall from the pole D, which let beD B : and 
draw certain other meridians, as D 7, DO, DY, 8c. And ſo proceed 
in all points as inthe 8 probleme, to finde the length of this per- 
pendicular, and the angles at the perpendicular AD B and ED Z; 
and laſtly , for every ſeverall longitude from eA, finde the latitude 

anſwerable. Thus ſuppoſing the point 7 to dif- 


Longit : 1 ferin longitude from the point A, 5 deg. that 
| from A, Lattt : | is, ſuppoſing theanglee LD / tobe 5 degrees, 
||.____.| we ſhall finde the latitude ofchat point / to be 
deg.min.| \deg.mis-| 25 deg: 52/; or ſuppoſing that angle eLD 1 
; & wo to be 10 degrees : we ſhall finde the latitude of 
=” 0115 2% a point / to be 38 degr. 51/7; and ſo of the 
: q 3, 3? reſt, as by this table appears. _ 
pe I Thirdly, Idraw a blanke according to /1er- 
"5 iT. 24] cators projection, (which may be doneeither by 
wt = 34] Maſter zyrights own tables, as he hath ſhewed 
25 | 45 24] inhis book of the (orreftionof Erronrs in Na- 
30 46 54] vigation, chap. 5. or by the SO_ thereof, 
35 43 oz] which Thave before placed, and called a table 
40 49 o4| ' of meridionall parts) ſoas there may a meridi- 
—— an be drawn by every fifth degree of longitude. 
45 49 47) In which blanke, I fet down Sawmers 1lands, 
5O 50 I5| and the Lizard, according to their latitudes, 
55 50 31] and difference of longitude before given, and in 
(60 50 - 33] the meridianthatis 5 degrees to the eaſtward 
p "| of Summers lands, Imake a prick or marke at 
5 JO a. » 35 degrees 52 minutes of latitude ; likewiſe in 
ET = the meridian, that is 10 degrees to the eaſt- 


wards of Summers 1lands, T make a marke at 38 


degrees 51 minutes of latitude ; and:ſo.I proceed with all the reſt 


as 
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as by this Table Iam directed. Then by theſe pricks or markes thus 
r-ade on the blank, I draw the arches of circles or right lines from 
one to another, and ſo ſhall I deſcribe a curve line on the blank, re- 
preſenting ſo near asſhall be neceſſary , anarch of the Sreat Cir- 
cle paſſing from Summers 1lands tothe Lizard. And if it were done 
for every lingle degree, (as here it is for every fifth degree) it would 
come neerer the exact truth. Which curve line being thus deſcribed 
on your blank, you ſhall on ſee what courſes to ſhape, to keep 
as neer it as you think good ; and you may fer down your reckonins 
on that blank accordingly. 

As having drawn the aforeſaid curve line upon the blank, accor- 
ding to the ſevera]l Jongitudes and latitudes expreſſed in the forego- 
ing table ; 1 ſee by that blank, thar I may firſt ſhape my courſe from 
Summers Hands ne halfa point eaſterly about 2co leagues ; ſo ſhall 
I have runne my ſelf into the latitude of 38 degrees 45 minutes, and 
have altered my longitude 9 degrees 30 minutes: From thence a- 
gain, I ſee I may fail away ze bye ; orif Iwould not come neer the 
bank of New-found-land, 1 may ſhape a more eaſterly courſe; but 
ſuppoſe 1ſtill deſire to keep neer the arch of a greatcircle, then I f 
I may fail away # eby e 109 leagues, and fo ſhould be in the Jatit de 
of 41 degrees 32 minutes, and have altered my longitude 14 d gr. 
56 min. From thence again I may fail 2 » e half a point northerly 165 
leagues, and then ſhould be in the latitude of 45 deg. 25 min.ha ing: 
altered my longitude 24 deg. 58 min. From thence again layling exe 


130 leagues, I ſhall be inthe latitude of 47 deg. 54 min. and have al- 


tered my longitude 33 degrees 42 minutes. From thence e »e half a 
point eaiterly 82 leagues into the [atitude of 49 degrees 11 minutes, 
and difference of longitude 4o deg. 05 min. From thence again if 1 
faile by n 70 leagues, I ſhall be inthe latitude of 49 degrees 52 min. 
and have altered my longitude from Summers Hands to the eaſt- 
ward 45 degrees 22 minutes. And thus being near the parallel o the 
Lizard, I keepe in the fame parallel , ſayling eaſt , rill I come 
right off from it, which by this reckoning ſhould be 317 leagues. 
And ſo the whole Kiftance from 5»mmers [lands to the Lizard, 
accordins to theſe courſes , ſhould be about 1070 leagues ; 
going over the banke of New-founa-land. Now I fay comming 


into the latitude of 49 degrees, 52 minutes, or thereabquts, 


though - 
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though by my reckoning, well reRified by obſervations, I finde my 
felfe ro be ſtill ſhort of the Lizard, about 317 leagues: yet I follow 
not the great circle any further, but that I may the more certainly 
fall with the place intended, whether Se/y or the Lizard, Ikeep my 
felf in chat parallel. And the rather becauſe the reckonings outward 
and homeward,of voyages-made to this and other places in theWeſt 
Indies, doe for the moſt partdiſagree much. Which diſagreement a- 
riſeth partly by the current ſetting homeward from thole parts ; but 
chieflly becauſe thoſe reckoningsare keptupon the plaine or com- 
mon Sea-chart. Which Chart , except a man returne the ſame way 
home that he weat out, is commonly ſubje& to groſle errours. 

And whereas I] know, that the moſt partare wholly addiQed to 
the uſe of this Chart ; ſome alſo deſpiſing all others, and may hap- 
ptly be offended char I ſhould thus raxe it with groſle errours;] 
ſhall make it (appear partly in this preſent example) that I do it not 
w:thour juſt cauſe. / : - 

in ſailing from the Lizard to theſe lands, and ſo to other parts 
of the Weſt Indies, men commonly runne farre tothe ſouthwards, 
as ſometimes into the iatitude of zo degrees, ſometimes more ſou- 
therly to geta wind ; but comming homewards, their courſes are 
commoniy more northerly than the rumbe leading from thence 
home. But in this example following, letus keep a mean, and to 
make ſhort, ſuppoſe a man ſhould ſail from the Lizard ſouthweſt, 
neer '50c leagues, and then finde himſelf in the latitude of 32 degr. 
20 minutes, and from thence weſt 78 2 leagues ; till he finde him- 
ſelf directly ſonth from Summers Nands, and about two leagues off. 
Then by this reckoning onthe plain Chart, Summers lands ſhould 
be diſtant from the Lizard 1189 leagues in a ſtraight courſe. Now 
admitting this, reckoning outward bound to be true, and theſe 
places to be thus ſituated on the common Chart ; let us ſuppoſe the 
reckoning homewards to be alſo kept on the ſame chart. And becauſe 
comming home men keepeto the northwards, let us ſuppoſe that he 
ſteers away ze halfa point eaſterly,..200 leagues, then » ebye 160 
leagues ; eze half a point northetſy165 4 ;.exec half a point 
eaſterly $8 leagues ; e by » 317 leagyes:Then IF this reckoning up- 
on the Plaine Chart, he ſhould be ſhort. of: the Lizard about 150 

5329 25% 19 51443322! 5: leafines: 
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leagues. Whereas by a true reckoning he ſhould be as farre'ſhort of 
the Lizard. And hence it is that they which come from thence and 
other parts of the Weſt Indies (making no allowance) are at home 
before their reckonings ſometimes 200 leagues and more. For a 
mans reckoning by the Plaine Chart, makes kim ſhorter. then he 
ſhould be by 160 leagues ; ſometimes more, ſometimes leſle ; and 
the current may put him forwards 5o or 60 leagues more: ſo that 
his ſhip may be above 200 leagues before his reckoning, | 

And thus much at preſent, touching the three principall kindes of 
fayling. Which I hope I ſhall have opportunity to handle more fully 
hereafter, with ſome other things of like nature; and to correc ſuch. 
faults as may peradventure be here committed through haſte. 


" | eA Table for the Angles which every Rumbe 
waketh with the Meridian. 
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lo fol 


ofthe Declination of the Sunne, and Fixed Starres, 
F- Ecauſe in the praGtiſe and application of the dodrine 


of Trianges, it is often requiſite that the Sunnes de- 
D clination be known, I have thought good here to 
place four Tables thereof ; the firſt ſhewing the Suns 
declinations for every day of the firſt years after the 

b Leap years, namely, for the years 1649, 1653, 1657, 
I66T, 1665, 1669. The ſecond for the ſecond years after the Leap 
years, namely for 1650, 1654, 1658, 1662, 1666, 1670 The third, 
for the third years after the Leap years, namely, for 1651, 1655, 
1659, 16672, 1667, 167:. And the fourth for theſe Leap years, 1652, 
1656, 1660, 1664, 1668, 1672. according as they are expreſſed 
in the head of each Table. And © becauſe the obſervations of 
our Countreyman Ar. Edward Wright are not (as [ take it) infert- 
our to any other at this day extant, therefore I have drawn theſe 
Tales out of his, reifying them by Proſthaphereſis for theſe next 
enſuing times. | 

To theſe I have added (chiefly for the uſe of Seamen) rules for 

finding the latitudes of places by the declination and meridian alti- 
tude of the Sunne or Starres; and a Table of the right aſcenfions 
and declinations of 24 principall fixed Starres, calculated according 
to their longitudes and latitudes, ſet down by Tycho Brahe eAnno 
1600, with allowance for their motion of longitude, or for the pre- 
ceſlion of the Equinoxes for ſome time to come, and now in this ſe- 
cond Edition rectified for 16co. I have alſo noted at what times of 
the year theſe Stars will be upon the meridian art four of the clock in 
the morning, at twelve at night, and at eight in the ev. ning, where- 
by you may readily ſee when they are in ſeaſon to be obſerved for 
finding the latitude ; by which alſo you may conjecture their other 
"times of being upon the Meridian. For the Starre which in any day 
propoſed is upon the meridian at four of the clock in the morning, 
will about fifteen days after be on the meridian at three of the clock 
in the morning , and about a moneth after at two , &c. Where- 
in alſo Mariners uſe to help themſelves by their Compaſſe, whereby 
they 


they ſee when the Sunne or Starre is neer the meridian. Such as 
_ defiretheexaRt time of a Starres comming to the meridian for any 
day,may ſubſtraR the right aſcenſion of the Sunne for that day from 
the the right aſcenſion of the Starre, (adding thereto ifneed requir 
ewenty four hours) the remainer ſhewes how many houres it will be 
after noon, before the Starre be upon the meridian. | 

The Sunnesright aſcenſionfor any day may be found by his de- 
clination for thar day, by the reſolution of a right angled ſphericall 
triangle, as of the triangle V F © in the generall Scheame of the 
third chapter, page 5 :, of ſphericall triangles. 

Touching the Starres neer the uorth Pole, which in our latitude 
do never ſer, I have noted alſo at what times of the year they will be 
uponthe meridian under the Pole, at four of the clock in the mor- 
ning, at twelve in the nighr, and at eight in the evening ; ſo that a- 
gainſt everyone of thoſe >tars there are two lines of monerhs and 
dayes ; the uppermoſt ſhewing the time of their comming to the 
upper part ofthe meridian above the pole ; the nethermoſt, the time 
of their comming to the nether part ofthe meridian under the pole. 
Thus you may ſee thatthe foremoſt Guard will be upon the meri- 
dian at fonre of the clock in the morning the 20 of February, and 
the 25 of eAuguſt; namely,upon the meridian above the pole the 20 
of February, but upon the meridian benearh the pole the 25 of eſ#- 
enuf. And the like is to be underſtood of the reſt. | 


The Table of the Sunnes Dcclinarion, for 
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Rates for finding the Latitude oy Poles Elevation by the meridian alti-ude 

of the Sun or Starres,aud by the T able of their Declinations before going. 

CASE 1. If the Sunor Starre be onthe meridianto the ſouthwards, and 
have ſoath dectinatiog. 

Adde the Sunnes declination to his meridian altitude, and taking 
that corall from go degrees, the remainer is the latitude,or the poles 
elevation northerly. | | 
As admit upon the 10 of fanuary, 1649, I finde by the foregoing 


tables, The Sunnes declination ſoutherly . 20 deg. cc 
The Suns meridian altitude by obſervation 17 ex; 

The ſumme or totall is 37 55- 
Which ſubſtraRted from © | 6c. 

There remaines the latitude northerly 52. o5:. 


But when you have added the Suns declination to his meridian al- 
titude, if the totall exceed go deg. ſubſtra& from it go deg. and the 
remainer is your latitude to the ſouthwards. 


As admit the Suns declination to be ſoutherly . 20 deg. 11/ 
The meridian altitude by obſervation = 25 
The ſumme or totallis. 7-8 go 46. 
From which ſubſtraRing - go ©o. 


There remaines the latitude ſoutherly 00 46. 
Casn 2. If the Sunor ſtarre be onthe meridian to the ſouthwards, and 
have north declination. | 
Subſtra@ the Suns declination from his meridian altitude, and 
that which remaines,ſubſtra&t from go degothen that which remains 
is your latitude or elevationnortherly. | 
As admit upon the 20 of eAprill 1649, I finde 


The Suns declination northerly 15 deg. o1/ 

The meridian altitude by obſervation _— 35. 

The remainer, ſubſtraQting the declination is 4g 22. 

Which ſubſtrated from 89 6c. 

There remaines the latitude northerly 40 38. 

CasE 3. If the Sunor ſtar be onthe meridian to the northwards, and have. 
north declination. 


Adde the Sunnes declination to his meridian altitude, thta totall 
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as efron, es EPO 


take from 90 deg. and the remainer is your latitude ſoutherly,or the 


elevation of the ſouth pole. | | 

But when you have added the Sung declination to his meridian al- 
citnde, if it exceed go deg.ſubſtract from it go deg.and the remainer 
1s your Jatitude northerly. 
Cas84 1f the Sun be to the northwards at noon, have ſonth declixation 

Subſtra& the Suns declination from his meridian altitude,and that 
which remaines ſubſtra& from 90 deg. then that which remaines is 
your Jatitude ſoutherly. 
| Theſe rules might have been ſet down diverſe other wayes, but let 
this ſuffice. And what is here ſaid of the Sun,is alſo to be underſtood 
of the ſtars being upon the meridian. 

5 1f you chance to obſerve when the Sun hath #0 declination. 

Subſtra& his meridian aktitude from go deg. and the remainer is 
your latitude. FEY 

6 If you.chance to obſerve when the Sun or ſtaris in the Zenith, that is, 

9O deg. above the Horizon.  - 7 

Look in the table for the declination of the Sun, or of that Star, 

and the ſame is your latitude- #3 
7 Tf the Sun come to the meridian beneath the. Pole. 
If you be within the Articke or Antartick circle, and obſerve the 


 Sunupon the meridian under the pole, ſubſtra& the Suns declinati- 


on from 93 deg. the remainer is the Suns diſtance from the pole, 
which diſtance added to his meridian altitude, the ſumme or totall 
is your latitude or poles elevation. | 

And the like is to be underſtood of the ſtars : for which cauſe 
touching thoſe ſtars, that are near the pole,we have expreſſed in the 
foregoing table the complements of their declinations, that is, their 
diſtances from the north pole. | 

If therefore you obſerve any of theſe ſtars uþon the meridian be- 
neath the pole : adde to its meridian altitude found by obſervation, 
his diſtance from the pole,the total is the elevation of the north pole, 
or your latitude northerly. - + 

If you obſerve any of thoſe ſtars upon the meridian, above the 
pole, then from the meridian altitude of that ſtar ſubſtrat his dis 
ſtance from the pole; the remainer is the height of the north pole. 
Or out of the ſtars diſtance from the pole, ſubſtra& his meridian al- ' 
titude, the remainer is your latitude ſoutherly. 
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9,9561483 


'9,9560886 


27 
22 
23 
24 
25 


95H 315926 
9,6 318591 
96321255 
96323916 


946 3292 33 
237 
28 
29, 


93 34442; 
936337194 


SINE 
Complement, 


9,9560287 
9,9559689 
959559089 


9,95 58490 


9,6 326 $7619.95 57690 


"99557289 


96331889 9,95 56688 


$9556087 


999555485] 
[30 96339844 9,95 54882 


Sine, _- 


[TANGENT 


Tangent. 
9,66 86 72 Fl 


9,669002 3 
946693319 
9,6696613 
9,6699906 
936703197]! 


956709774 
9,6713060 


956716 345 
9,6719628 


9,6722910 


9,67 32745 
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949385470 
9,9 384747 
9,9384024 
949383300 
999382576 


95757 3452|1 932426548 
957570 38311952423617 
947579313[10-242 0687 
937582242|1052417758 
9,7585170|10,2414850 


3219,66972148 


541936976545 
$519,6978741 


SINE 
Complement, 


5119,6969947 


3 31946974 347 


9,9381851 
999381126 
9,9380400 
99379674 


99378947 


9,7588096|10,2411904 
95759102211 02408978 
957593947|1 03240605 3 
957 596871[10y2403I29 
947599794 I 0,2400206 


9,9378220 


3719,6983129 
5$19,6985 321199376764 
5919,69875 1119,9376035 


959377492 


FP 9,698970c(9,9375 306 
| Sine 


937602716j10,2397284 
9576056 37j10,2 394363 
9,7608557110,2391443 


957614394 10,2 385606| 


| | jmetic.ofSine, 


23 23061019,0608047 
22] þ395879750608766 
2T| p3056577,0609485 
20! þ3054358,306102cq 


——_ II — 
hes — — 


rg 230 p06 100218 


7 304771230612 265 
16| þ3045499 
5 2304328806 13808 
14] þp3041078,0614530 
T3 3038870061525; 
I'2 230360640615 976 
T1; »30934456,0616700 


[= 
0 


2 

8 

: 71 þ392565 3þ0619600 
4| 

5 


957611:476[10,2388524 | 


TANGENT Tangent, 
Complement. , 


of Sine Comp 


es i ewes 


ERS 


30; rw 250603032 


— — 


— — 


$3074380,0603747 
9307214950604463 
»3069920,0605179 
53067692 »0C 05895 
55065466 30606612 


| 
29, 
28| 


27] 


— — _ — —  —{ ———_ 


24' $306 32420607329 


18 »3049926',0611644 


061 5086 


»3032255,0617424 


53030053 0618149 
23027852 061887 


_—_—_— 


53023455,0620326 
13021259\,062105 3 


—  ” - = 


= 

3 

2] þ3014679',0623236 
I p3012459,0623965 
© 230103C0,0624694 


- 


Po 


| — - FINE” TANGENT ,Compl.Arith jCompl.arth. 
JO Sine, complement, | Tangear.' Complement, | meric.of Sine, of ice —_ 


| ©9,6989700 99375306|[9,7614294 10,238560660 230103001,0624594 


| T\9,6991887 949374577] [957617311 10,2382689/c9 +430O8113[,062542 7 
9,699407 312,9373847 9,7620229|1052379793158||13C05927[,062615 3 
9,699625819,9373116| [9,7623142|"052376858[571[,3003742 
9,69984411959372385| [9,7626056|1$52373944|56||3901560|,0627615 
9,700062219,9371653| [9,7628969|1952 3710315 511+2999378[,0628347 


9,7002802[9,9370921 9,763188 111052 368119]54|[,2997198 -0629079| Þ 
9,700498119,9370189, [9,7634792| 25236520815 31[22995019},0629811] þ 
fy! 9,7007158[9,9269456 9,76 37702 10,2362298[521[,2992842 »06305 44 [ 
bill | 9957099334 99368722] [9,764061 2[1952359383|51|12990666 £ 
'h; 4 T0 9,701150819,9367988| [9,7643520|10,2 356480 501,298 3492 


TI|9,701 368119,9367254 9,7646427|152353573[49 22986319 106 32746 
12/9,7015852[9,9366519 9,7649 3 3411952350666 4811,2984148],06 33481 
1-319-701802219,9365783] [9,765 223911952 34776 1471[-2981978[,06342 I7 FE 
149,702019019,9365047] [9,765 5143|952 34485 7/40 prareeng 0634953] Þþ 
175195722235719,9364311] |9,7658047]102 34195 345 [1297764 3þ06 35689 


Ge cha 5345s 


— — _—— ny; a _ 
$92 ren 99 Ns Ws — AA AIP WA" ARG SSIS = Mg aan 


OW I ASVWw a HH 


1619,7024523[9,9363574] [9,7660949|102339051144|þ2975477þ06 36426 
1 | 17195702668719,9362836| [9,766385 1119323 36149]43|112973313þ0637164| | 
| ; 1819,7028849\9 9362098; [9,7666751|102333249]42|[12971151],06 37902| | Þ 


1919,703101119,9361360]| [9,7669651[10,2330349/41||»2968989|,06 38640 
20 9,7 03317019,9360621] [9,7672550[10,2 327450/40|29668 300639379 


? — 


4] 12119-7035 329(9,9359881 [0,7675448[1052324553/39 »29646711,0640119 
| | 2219,7037486 9,9359141| 19,7678 344[10,2321656|38 92962514 20640859 


23194793964119,9358401| [9,7681 240[10,2318760 37||2960359|,0641599 
24[9,7041795[9,935 7668] [9,7684135|10,2315865|36||2958205[,0642 340 
2519,7043947|9,9356918] [9,7687029110,2312971:35 5295605 2[,0643082 


1" 8 2619,7 046099 9,9356177 9,7689922 10,2310078 34 1295390; 2064382 3 
ns 2719,7048248 9,9355434 9,7692814|[10,2307186 33|þ2951752[0644566 

| 2019,7050397|9,9354691] [9,7695705 10,2304295 32] 42959603[,06453cg9 
[29 95705254319,935 3948] [9,7698596[10,2301404 31| þ2947457|064605 2, 
3O 9,7054689,9,935 3204] 19,7701485[10,2298515 : 0] 92945 311 20646796; 


ap r—_ 


EIS Sine. : [TANGENT Tangent. '59 - 
Complement, | | 


Complement, . 


— <EASrPni—e De ee 


"% \ 


TANGENT 


"}CompLArich 
Tange ne. [complemene F 


metic,ofSine, 
92945311 
52943167 


| 


Comp], Arith. 
of Sine Comp 


= TS { 
z30| Sine Pit otnM ( | 
9,935 3204 


999352459 
999351715 
9,9350965 
959350225 
9,9 3494717] 


9 | 


| 9:7701485 192298515 

9,7704373119,229562; 27 
9,7707261,10,22927539]: 
9,7710147, I0,2289853 
957713033 110,2286965 
9,7715017,10,2284082 


997054689 


9,7056833 
97058975 
9,7061I1I6 
997063256 
937065 394 


0646796 


20647541] 
50648285 
p2549031 
0649777 
p2650523} | 


9 937067531 
997069667 
9,7071801 
957073933 
957076064 


9,9 47983 


9,9348730 


959347235 
939346486 
99345738 


9,7078194 
9,70C0323 
9,708245c 
937084575 
9,7 08699 


9,7088822 
957090943 
8 9,7093063 
9,7095182 
947097299 


957099415 
997101529 
997103642 
997105753 
93710786; 


957109972 
937112080 


9,7114186 
997116290 
1957118393 


SINE 


ks 
1 
A 
- 
þ4 
2 
: 
! 7 
A 
b 
4A 
Fl 


2. 9. i. A At." Bt... At. BAS + Es a. 


—_— NT 


999344988 
949344238 
9,9343488 
999342737 
9,9 341986 


959341234 
959 34048 2 
999339729 
949338976 
9,9338 222 


937733206 1092266794 
957736084 I0,226 39I6 


937747588, 10,2252412 


999337467 
999336713 
99335957) 
999335201 
9,93 34445 


9,9333688 
959332931 
949332173 
9,93 31415 
9,9330656 


— 


ſComplement, 


10,2281199 
99772168410," 278316 
9,7724566|10, 2375434 
997727447, 1032272553 


957718801| 


957738961, I0,226103g 
957741838 10,2258162 
977447131052 2255287 


9,775 0462,10,22495 35 
9,775 33 34 193224666c 
957756206 10,2243794 
957759977 10,224092; 


97764816 10,2235184 
957767685, 10,2231315 
957770552 10,2229448 
95777348 10,2226582 


97776284 I0,2223716 
957779149 10,222085 1: 
9,7882012 10,2217988 
9,7884875, I O,2215125 
97887737 10,221226; 


TANGENT 


9577 3032712226967; 2 


9,7761947 10,22 3805 3| 


52932469 
52930333 
52928199 
92 92CC67 
92923936 


— 


32921806 


90652017 


50651270 


52919677; 
52917550 
52915425 
52913301: 


5291.1178 


92896358 
52894247 


R —— 


,2850028 


42881607 


Sine | 


Tangent. 


© omple menr. 


7 
I R 
<> 
- > . x 


2900585 3066 2533 
,2898471,0663287 
60564043 
0664799 
,2892137,0665555 


4©666312] 
*22879:0,0667059 
,2885814,0567827|: 
,2883710,0668585 
206693 


,0658766| 
942909057|0659519 
529069 3730660271 
5290481850661024 
12g02701,066 1778 


31 $£ Sine. [complement (Tangent. 


© 


| 


-——— 


O 9,7118393 
9,7120495 
9,7122596 
9,7124695 
9,71 26792 
5,972 28889] 


to Wy | 


> 


G|9,71 30983 
71997133077 
8/9,7135169 
9957137260 
IO 9,71 39349 


19471414537 
12 1997143524 
I 39,7145609 
14 97147693 
1519,7149776 


I6 9,7151857 
17 957153537 
IS 97156015 
I9 9,7158092 
20 9,7160 I68 


21.937 162243 
22 937164316 


23 997166387 
24 9,7168458 


—_ } _—_—_—_—_— AIC | 


9,9328376 


39327616 
9,9326854 


9,9 326092 


9,9324567 
99323804 
9,9323040 


949322276 
2,932I5F1I1 
9,93 20746 
9,93 19980 
9,9319213 


09330656 


9,9329897 
9493291 37 


9,9 325330 


—_———  — | 


937787737 


947790599 
237793459 
97790318 
97799177 
957803034 


9,7804891 
957807747 
9,7810602 
937813456 
9,7816309 


10,2203683 


IQ 


—FA ANGENT 
Complement. 
_ SSC_”_C_ Ao nm_—n eco 


10,2212262' 
V CCC C——————————_—_ 


10,22094O01 
I10,220654I|58 
37 
56 


»Þ) 


10,2195 109154 
I10,2192253[53 
10,2189398[52 
10,2186544,51 
10,2183691|50 


10,2200823 
I10,2197966 


9,7819162 
9,7822013 
9,78 24864 
957827713 
957830562 


10,2177987j48 


9,9318447 
999317679 
9,9316g11 
9,9316143 


9,2314605 
9,9313851 
9,9313065 
9,9:31229 
999311522 


25 957170520 


27 947174660 
29 9357178789 


30 9,7180851 


28 997176735; 


26 26 9,7172594/99330750 


9,9309975) 
(9,9309205 
9,9308432 
9,9307658 


SINE 
-Com mom. 


Sine. 


9,9315374 


TC 


l 


9,7833410 
9,7836258 
9,78 39104 


947841949 
9,7844794}! 


978476 38 
9,7850481 
957853323 
957856164 


[957859004]! 


9,7861844 
957867520 
9,7870357 


9,7873293]! 


10,218083$ 49 


10,2175136[47 
10,21722871j46 
10,21694 38145 


10,2166590[44 
10,216 3742143 
10,21608961[42 
I0,2158051[41 
I0,2I55200 = 


10,2152 362]35 
10,2149519 
10,2146677 
10,21438 36 
10,2140996 


39 
38 


37 
36 


35 


10,2138156 
1092135318 
10,2132480 
10,2129643 
10,2126807 


33 
32 
31 


TANGENT 


Complement. | —__ 


60 
59 


34 


*O© 
b 


6 m— 


Comp! Arith- 
[metic, - Sine, 


,288 1607 


92879505 
52877404 
92875305 
32873208 
p207IL0L 


32869017 
32866923 
128648 31 
12862740], 
32867651 


12858563 
92856476 
92854391 
92852307 
228502241,0680787 


Toy pl. Arithq 
of Sine Comp! | 


$07|,0669344 
10670103| 
2067086 3 
0671624 
10672384 
50673146 


,0673908 
0674670 
0675433 
20676196 
40676960 


10677724 
10678489 
20679254 
30680020 


— 


284814 3|,0681553 
3284606 3],0682 321 
92843985|,068 3089 
$28419081,068 3857 
528398 32[,0684626 


2837757|,0685 395 
428 35684|,0686165 


,2833613|,0686935| 
428 31542[,0687706 
2829474 
,28274006 
42825 340 
,2823275 
g 2021211 
329819149 


| 58 


0688478 


0689250 
90690022 
50690795: 
30691568: 
30692 342 


#u( 


" I” 


Sine, | 


"SNTE 


Complement, 


20[9,7180851 


21194718291 2 
9,7184971 
9,7187030 
9,7189086 
97191142 


9,9307658 


937873193 


|Tangent.| 


TANGEN T 
Complement. 


[02126807[30 


9,9306883 
959306109 
959305333 
959304557 
949303781 


1997193196 


997195249 
957197 300 
99719935C 
wi hc honers 399 


959303004 
9,9302226 
9,9 301 448 
9,9 300670 
949299881 


937876028 
97984529 
9,788 7 361 


IO0,2123972 
One” 3208 
IO,2118304 

I ©,2 2115471 
IO,2II 7 2639 


957890192 
9,789302; 
957895852 
957901508 


I0,2109808 
I0,2106977 
I 0,2104148 
I ©,2IO01I 319 
I0,2098492 


41191203447 
1997205493 


9,7207538 


9,7209581. 
45[95727 I623 


46193721 3664 
1997215704 
997217742 


937219779 
99722 I8 I4 


9,9299112 


99298 332 
999297551 
949296770 
959295989 


(957907 IG1 


1957915635 


99295207 


959294424 
959293641 
99292857 


937223848 
9,7225881 
9972279 I3 
997229943 
957231972 


99572 34000! 


9,7238051 
9,7 24qeO71 


dart 


947236026, 


9599291289 
959290504 
99289718 
9,9288932|| 
949288145 


9,9287358 


9,9286571 
99285783] 
999284994 
9,9254205 


959292073 | 


SINE 


Complement. 


Sine. : 


937904335 


957 999987 
1997912811 


10,2095695 
I'0,2092 9 39 
10,20g0013 
I0,2087189 
1052004365 


95797 8458 


9379 24TOII 
9,79 20921 
- 9792 9741 


10,2081542 
957921280 I © 


10,2073079 
$0,2070258 


42078720 
0,2075899 


95793256010, 


| 


9579353781 


_ 


957935 195[10,2061805 
997941011 10,2058989 
937943827 10,2056173 


| k 
957946641 10,2053559 
I0,2050545 
I 0,2047732 
10,2044919 


95794945 5 
99795 2268 
957955081, 


:067470 
©,2064022 


— 


29 


od 
26 


25 


ZO| 


99795 T&93 10,2042108| © 


—_— 


I1 


bd || bo ISS Pp" 


TANGEN 7\Tangent. [s. g 


metic.ofvine. Jof Sine Comp 


92819149 ,069234: 


30693117 
92815029/,0693891 
»2812970],0694667 
22810914 


12817088 


52808858 


3280475 1 
528602760 
52800650 
52798601 
22796553 
22794507 
22792462 
32790419 
52788377 


52786336 
52784296 
32782256 
32780221 
92778186 


en 


942776152 


52768028 


————  —— — 


92757903 


_ Armn,Com pl. arirh. 


90695443 
20696219 


—  —  — —— 


32 $06804 59696996 
206 97774 
1069855 2 


20699} 30 
590700 I ©9 


0700888 
50701668 
50702449] 
»0703230O[ 
50704OI1 


52759925 30715006 
974579 


| 


19794793 

90705576 
19706 359 
50707143 
50707927) 
50708711 
52774119|,0709496 
52772087|,0710283 
52770057|,0711068 
90711855 
' [22766030|,0712643 
5276 397410713429 
9270194907 14317 


* # 
® 
h» 
SZ 


32 


o) 


957 242097 


T TTNE | 
Complement. 
[mm mt_——y 
| 99284205 

——— nents 


9972441 2819,928 3415 
9,7246138/9,9282625 
9,7248156/9,92818 34 
9,7250174 949281043 
957252 1809,928025 I 


937254204. 959279459 
937256217,9,99278666 


Sine, 


——  P_ 


> © VT HET ERR 


IO 


. 
— 


IT 
I2 
I3 
4 
i»; 
16 
By 
78 
I9 
20 


972582 299927787 3 
9,72602409,9277079 
947262249/949276:85 


9472642 57949275400 

57266 2049;92 74695 

9 77027 9931916 
9 


95727027 3195927310; 
49272306 


999271509 
959270711 
94926991 3 
9,92691 I4 
999268314| 


949267514 
9,9266714 
9,9265913 
999265II2 
9,9264310 


9,9263507 
9,926 2704 
9,9 261 go ly 
9,9261096 
9,926 0297 


Sine. 


957272276 


947274278 
17276278 
957278277 
947280275 
937282271 


947290244 
9372922 34 


937294323 
947296211 
9,7298197 
9,7 300182 
997302165 


SINE 


Complemem. 


} 


94795789? 


97960703 
937963513 
947966222 


— 


957971938 


957974745 
997977551 
947980356 
99798 2160 


937985964 


'947988767 


937994370 
957997170 


9,7969130 


Om ————__ Re 


I0,20421 O$ 


10,2039-97 
10,2036487 
I0,20J 3678 
I0,2030870 
I0,2028052 


10,2022449 


10,2019644 
I0,2016840 


[0,20140 36 


IO,2011233 


19,20056 30 
I0,2002830 


937991 pes 


9,7999970|}109,2000030 


G8 OO 2769 


98005 567 
19,8008 365 
9,8011161 


9,8019546 
9,8022 340 
9,8025133 


9,8030716 
998033506 
9,8036296 
9,80 39085 


[9,8041872 
TANGENT 


Ss 


Complement 


9,8013957 
9,801675 2 


9,8027925 


10,1994433 
IO,19916 35 
10,19888 29 


10,1986043 


10,1972075 
10,1959284| 


I0,198 3 248 ; 
10,1980454| 


I0,I977660 
10,1974867 


10,196 3704 
I0,1950g1I5 


TO,1958127 


[Tangent.] Conplenen: 43 | necicoBSin, of vine Comp 
| 273 7923þ072 579! 


[2755882 


| þ2721723þ0730087 


þ2749826 


| 92707766073 5690 
þ27957770736493| 
þ2791803,0738099 


3275 3862 
52751844 


527478I1 


52745796 
92743783 
02741771 
52739760,0722921 
22737751þ0723715 
22735743þ0724510 
92733736 50725305 
22731731þ0726101} 
d272972710726897 
27277243072769. 


92725722|0728491 
22723722|,0729289 


20720541 
52721334 
90722127 


»2719725þ07 30886 
52717729þ0731686 


$2715733þ0732486 
52713740þ0733286 
12711747þ0734087 
12709756þ0734888| 


32703790,0737296 


2699818|,0738904 
92697835,0739708 


Tangenr. | 


- 


o 
_— 


Poagt/ p y * 
h, 

P 

= 

| ; 

F 


4 


Sine lhcb Tange ar. ooo I 


9,7 302165 


9,9260292 


997 304148 
947306129 
9,7308109 


9,7310087 
997 312064 


959259487 
9,9258681 
9,9257875 
9,9257069 
9,9256261 


997 31404c 
997316015 | 
937317989 


957319961 94925 3028 
947321932|(949252218 


99255454 
9,9254646 
999253837 


[98055803 


997325 870 
957327837, 
44|937 329803 


45197331768 


95733373 x 
957 335693, 


819,73 376 54 


957339614 


937 323902. 9,925 1,408 


=. 1G1 


9,9250597 
9,9249786 
9,924<974 


99247 349 
959246535 
999245721 
9,92449071[19 
999244092 


957341572 
| 


957345485, 
957 34744, 


997351345. 


957349 393 


999243277119 
959242461 
949241644 


949240827 | 


99 240010 


95735 3296 
957 355246 
957 557195 
937359142 
9,7361088 


9,92 39191 
959238273 
9992 37554 
9492376 34 
9,9235914 


SINE 


Complement. 


| Sine 


| ———— 


| TANGENT 


98041873 
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9,8061027|9,8856 267 
885 $21 5 
49, 959064060[9,8854162 
50948065 575/9,885 3109 


9,805 3430 


98056472 
9,8057991 


198059510 


9,8062544 


949186769 
9,9189340[10,08 10660 
949191911 10,0808089 


9,91 94481[10,08055719 
9,9197051|110,0802949 


Fl 98067089 958852055 
F2 958068602 


5 3]53070114(9,8849945 
54/958071626(9,8848889 


55/19>8073136[9,88478 32 


SINE 


9,8851000 


958842540 [9,92 38r35 


—— 


TANGENT 


9,9199621[10,08c0379 
9,9202191}10,0797809 


949204760 


959207329 


959209898 


99212466 


pLArth-[Compl Arith., 


met:C.ofSine.[of Sine CO;np 


——— et. 


151 940490þ1142681 
51938973þ1143733 
41927456þ1144785 
$193594oþ1145838 
51934425|1146891 


95921 5034 
959217602 
9592201 7O 
939222737 


959225304 


9,9227871 
9,92 30437 
9,92 33OO4 
959235570 


Complemear. 


5196336 3[,1126981 
1961832112802 3; 
z1960301\,1129066 
1I958772|41130110, 
1957243þI131T54 


== 


»$19557I6HhI13219 
1954189 
OGG Cpt 8 34290 
SJI9FIT2goIE35 337 
»1949615 


|| 0d KALes. 
1948092þ1137432 
»1946570{,1138481 
01945049 
»1943528þ1140580 
11942008 y1141630 


9 
p113324 


IT 36384 


211395 30 


——— c—— 


»1932911þ1147945 
»1931298|,11 49000 
»192988c|,t150055 
31928 274|,115I101 
31926864/,11 52168 


——— 


[>1925254|,I15 3225 
3} 31923846|,1154283 
1922238 
1920831 


TIFF 341 
,T1564O1 


Complement. 


[>1919325þ1157460 
wn | 


» JU 


' 
1 
« ( 
; . 
% % KLE 46. 
/\ <P 
' F x3 
; I J 
<Y $ 
ry g _"—_ 
« 


TO TOO FOR RI Ie EA te a OP ear. 


— C_—_—__—— 


TANGENT 
Tangent.' Complement, | 


|, em 


Dp pr 
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| [31]9,8126923/98809376| [9,9317547/10,0682453|29| 187 3077þ1190624 
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5919,8167975|98778896|[9,9389079[10,0610921| 1 1,1832025|,1 211104 
16019,81694251958777799| [9,9391631|10,0608 365| © 1,1830571},r 222201 
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; $6512,9370161| | 90029542425] | 935][þ9708116| | 970229567717 
5 $66129375179] | 9011259547248| | 936|n,9712758| | 971129872192 
: $6712,9380191| | 902j249552065| | 937 (6717396 972125987666 3 : 
£ $6812,9385197| | 903[229556977| | 938|9722028| | 973|2,9881128 
# $6912,9390198| | 904/29561684| |-9439]2,9726656| | 974|2,9885589 
z 870/2,9395192| | 90512955648c| | 949/2,9721278| | 97529890046} 
3 $7112,9400181| | $06|2,9571282| | 941/297 35896] | 976| 29894498 
+: $721/2,9405165| | 90712,95760723| | 942[2,9740509| | 977|2,9898946 
be $7312,941014:| | 908[2,9580858| | 9431229745 117|\| 978[2,9903 288 
'% 8741249415204] 90912,9585639 ah by Ms | 979 :9078:1 
; 87512,942COBC | 910/2,95$0414| } 9451297543181 | 98012,9912261]) 
Non 2 954 


CHILI AS 35... 


Num: Logarithm | | Logerithm.| |Num|Logarithm | [Num |Logarithms., 
JE. | * | PO: g0.... 20660948, | when 
981|2,9916690] | 3-00689 37] [1051[3,0216027]| [108613,0358298 
982|29992II15|., 2,007320g] [1O5:|2,0220157 108713,0362295 
98 3)2,99255 35] ,1018[3,0077478| [1053[2,022428.44 [1088|3,0366289 
984 [2,992995 1] 2,0081742||1054 the. 1089, 3,0370279 
_98512,99 24362] ; 2,0086007| [1055130232524] (1090, 330374265 
98612,99 38769] 100902575 [IO56 39236639] [109130378247 
987129943171] 350094509; [10571 359240750, [1092] 330382226 
988129947569] 1023139098756} [1058139244857] [1093|3,0386201 
9891229951963] [1024130102999] [1059(3»0248960| [r094,3,0390173 
990[2,9956357| 29010727 29; [1060] 290253059 1095130394141 
991125996073c| ; 340111473] [1061139257154 1096| 330398105 
9921259965117 2,0115704 1062|230261 245 I 097; 3350402066 
993[2,9969492 2,0119931| [106 3]3>9265333}| [109835040602 3 
99412,997 3864 301 24154] [1964139269416] [1099135049997 
_995|229978231] [10291320128 372] [1065152273496] |110013041 3927, 
9961-2998 259; 3113-01 32587] [10661329277572| [1101] 3504I 7873 
997 229986951) 2,01 36797, [106713502816 44 [1102[350421816 
998|2,9991305 3,0141003| [1068139285712] [1103|350425755 
99912,9995655 43-0145 205] [1069330289777] [1104/3,0429691 
1000|3,0000000]| [1035|3,0149403| [1070[350292838] [1105] 359433623 
100113,0004341 3153597) [1071139297895] [1106|3,0437551 
1002|3,0008677 13-01 57787] [LO72 3-0301948] [1107340441476 
IOO}3 3,001 3ZOOg 30161973 1073 340305997 I108 390445 398 
[100413,00173 37 3-0166155| [1074|3931004 3] [1109350449315 
1005|3,0021661 [1040]20F70222 1075132314085 1110/3045 3230 
{1006[3,0025980 330174507] [1076[35931B1 23] [1111|2,0457140 
[1067]3;0030295| 330178677, [1077 330322T57] |1112|2,0,461048 
|1008[3,0024605 [20:82843 I1078[3,0326188| [111 3 33046495 2 
I009|35003891 2 4|?20187005| [1079 350339214] [1114 3046885 2 
1010/2004 3214 + gras. 1080/3:03 34237] [*115130472749 
1011150047511] 3OI95 3T7, [1081130338257] [1116/3,0476642 
I 01 2350051805 1590199467 [1082 30342273] [1119|3,0480532 
rO1 55250056094] 3,0203513| j1083/3503462B4, [1118|3,0484418 
1014130060379 30207755] 11084 30350293] [111913,0488 3oO1 
10151 *,9064660 30211893 [1083'30354297] 1112013,0492180 


II2qI 


for EE NS JI OUR NEVRINDa 
= vil Sa AIR Wea - Sh4%; : 


CHILIAS 2. 


Num 


—_— — — 


I121 
1122 
1122 
I12 

1125 


Logarithm. 


350499928 
; 390503797 


330496050 


290507663 
2,O5TI1525 


11126 


1127 
1128 
1129 


[1130 


IT31 
T1323 
1133 
1% 34 
I135 
I136 


[137 


x138 


1140 
1141 
1142 
wiw.c. 
1144 
1145 


IT 3913 


20515384 
250519229 
350525091 
340526939 
2405 30784 
3305 34626 

3505 38464 
390y42299 
330546130 
20549958 
250553783 
330557604 
350561423 
90565237 
3,0569048 
350572856 
3305 7666T 
30580462 
30584260 
20588055 


I 146 


11147 


1148 
I149 
[71 5©[33C 


I 151]: 


I154. 


j155 


1152 
I153 v4 
3-0622058] 
20625820 | 


330591846 
3505956 34. 
30599419 
350603200 
330606978 
2,061075 3 
2,0614525 
1>C©618293 


[Num 
II56 


II58 


IIO1 
I162 
IIG3 
164; 


T1866 
I 167. 
I168, 
1169 
II7O 5 
I1I71 
1172 
I173 


I175 


1157 


1174 


Logarithm- 


20629578 


250640834 
3,0644580 
30648222, 
35065 2061, 
230655 797) 
30659530 


A ——— ICICI 22 


20666985 
3,0670708 
30674428] 
320678145] 
2,0681859' 
30685569, 
2,06 89276; 
3,0692980 
306966811 
29700379 


5 


$13,0711453 


350704073 
30707765 


3,0715138 


O[12,0718820, 


30722499, | . 
3,0726175| phos | 
3,0729847 21g}; 


340733517 
3,0737183| 
130740847 | 
350744507 
230748164 | 
2,0751818. 


[3,0755470 


350833 2333) 
3,06 37085; 
IT5J9 ; 
at 


| 


Num|Logarithm.| | 


— LICE o—— > —  —O——_—— 


I196| 
1197, 250780941 
I198, 3 
| 27900 720/ORu 


1200 
1201 
1202 
1203 
I204. 
I205 
1206 
I 207 
I 208 
1209 
I210 


2,07591 18] 
| 2,0762 762 
30766404 
350770043 


3250773679, 


Num 


I226 
1227 
1228 
1229 
1220 


| Logarithrs., 
2,08 84905 
$,08884.46 
2,089198.4. 


2,0895519 
20899051 


330777 312) 
340784568 


SHERH 
3507954: 
3 geo | 
30802656! 
2,0806265 


30824263 


3,0809870 | 


35081 3473 
350817073! 
We | 


3508278 54' 


2]2509061 07 
31350909231 


230920185 


3[30944711| 


330902580 


3509TI 3151 
350916669 


33092 3697| 
350927206 
390930713 
3509 34217] 
2,0937718| 
330941216 


2,0948204| 
3,0951692| 


I211 
I212 
121? 
I214 


| — ———— 
[ 


'T 216]: 


| 
1228 


I215 


3308 31441 
30835026 


390842 I 87 
2845763] 


. 08493 36; 
YO8S5 2906; 


$0856473; 


\X 22 


'I221 
'T222 


3,086 3 598| 


3,08 38608, | 


3-0860037, 


T221\ 0867155; 


30874264, 


1254 2,0877814; 
1225120881361" 


3,0870712| 


| 90986437 


350955180 
330958664 
350962146 
350965624 
350969100 


350972 573 
2,0976043 
3350979511 
30982975 


20989896 
?,0993353 
290996806 
2z1 C0257 
3,1603705 


% 


I261 


CHILIAS 


2, 


I26T, 
1262 
1263 
L264] 
1265| 
1266 
1267 
1268 
I269 
I270 
I271 
1272 
1273 
1274 
I275 
x76 
I 277 
1278 


Num Logarithm. } 


3,10071I5I 
341010593 
3,10140? 7 

33LOL 7471 

3, 1020905 
391024337 
341027766 
3z103IT92 
3,1034616 
3,1038077 


2 ht wn £Þ/] 
331044871 
341048284. 
31051694 
3z1055IO? 


1279 


I28I 
I282 
128} 
1284 
1285 


3,1058507 
3,106190g 
3,1065 3O8 
3,1068705 


1280|3,1072100 
| — ——_ 


331075491 
3,107888C 
341082266 
3zTO8565C 
3,1089031 


3910924IC 
31095785 


3510991I59| 


2,1102529 
3zT105897 


3g1I I 09262 
291112625 


3121115985 


34111934: 


[2,112 


2698 


—_—— 


Num 


296 
I197 


| 11298 


I299 
I 200 
I ;OJ 
I 302 
1303 
I 304 


MY 


I 506 
I 507 
I 2O8 
509 
I 3J1O 
I3IT 
I3T2 
13T3] 
I 314 
LELS] 
1316 
1317 
I318 
1389 
I 320 
1221 
1 322 
1222 
[1324 
\I 32513 
'1 326 


'T: 22 

| 7 
1228(- 
[T$26 
| 11330 


'©— 


I 3052 


Logarithwe. 


Num| 


Logaritis 


3,1126050 
3,1 1294CO 


331132747; 1 


341136091 
321139433 
39 140778 
3,1146110 
391149444 
231152776 
QT156105 


3z1 I727I3 


391159432 
3,1162 756 
291166077 
341169396 


331176027 
351179338 
2,118 2647 
31185954 
2,1189257 


7? 41222159 


331192559 
37195858 
3zTIG9154 
341202448 
3911405729 


29129028 
p190234 
3zT #15598 
2,1218880 


31225435; 
hands of 
2,1231981 


231235250, | 
3,1238516 


I 33H 


\T332 


333 


1334 
TIS 
1336 


1337 


1338 
F3IP 


I 24C 
is 


I 341 


134: 


$347 


544 
1 345 
1346 


— 


13473 
11348 
1349 


'T3Z5O 


FETE 
1352 


1353 


1254 
;T 355 
T356 
1357 


1358 
1359 
2136© 
1361 
1362 
1363 
:1 364 
23 365 


331241 780 
391245042 


3,912483O1 
},125I558 
2,125481 3 
WY 
3,1261 214 
3,1264561 
2,1267806 
341271048 
331274288 
331277525 
3,1280760 
3,128 3993 
31287223 
3,1290450 
31293678 
31296899 
3T3oOIIg 
31303338 
351306553 
3,1309767 
31312978 
341316187 
351319393 


391 322597 
341325798 
3,132899$ 
3-1 332195 
341335389 
3,1358581 
341341771 
341344958 
3,1 348144 


Logarithm. 


31 354507 
3zT 357685 
3,T 360861 
3313640 34 
31367206 
31370374 
351373541 
331 3767095 
331 379867 


392087 


391 2861 34 
31389339 
351392492 
391395643 


391 398791 


391401937 
341405080 
3,1408222 
31411361 


r385|321 414498 


351817632 
341420765 
3142 3895 
391427022 


[221430148 


391433271 
231436392 


13514395I1 


231442628 


I 3951351445742 


331351326 


331448854 
21451964. 
31455071 

31458177 


3,1461280 


I4CL 


Fee 


dl 


_ 


TO ES oe wed - a ji 


ry 


CHILI AS 2. 


;Num 


T4OT 
1402 
(140? 


1405 
1.406 
1407 
1408 
1409 


1404]: 


31464381 


231470577 
51473671; 
291476762: 
35147985 3| 
3,1482941 
3,148E026, 
3,1499110 


1410 


1411, 
I412{ 
I412 
1414 
1425 


3914921 I9T, 
391495 270, 

2,1498 347, 
3z1 501422 
31504494 
3,1507564 


Logarithm- an 


3,1467480O, 


1437 
1438 
1439 
1440 
1442, 
1442, 
£443 
1444 
1445 


Nam Logarithm. 


143613,1571544 


331574568 
31577589 

3,1 580608 
2,158 3625 

291586640, 
2,1589653' 
297 59266 3j 
341595672 
2,1598674. 


+547, 


T1449, 
1450, 


I41I6 
I417 
1418 
I419 
1420 


1421 
I 422 


142313 
4 
I425 


3315106 32 
31513698 
[31516762 
351519824 
3,1522883 
331525941 
31528996 
21532049 
zI5 35100 
2,15 38149 


1.426 
I. 427 
1428 
LP 
1430C 


2,154I195 
331544240) 
331547282 
331550322 
331553360 


143T 
1432 


331556396 
341559430 


be 


3351562462 
331565491 
337 568519 


1451 
I452 
1453 
"34 
fa #F] 
1456 
1457 
1.458 
1459 


1-2 


1461 
1462 
1463 
1464. 


146 5l: 


1446!351601683 


241604685 


1448, 2,1607686 


3,1610684 
'331G1 36% 
341616674 
3,1619666 
3,1622656 
391625644 
2,1628630 


Num 


1471 
1472; 
147313 
14747 
1475]: 


Logarithm. 


[3,1676127 
2,1679078 
2.1682027 


231684975 
2316879: © 


2476|: 
1477 
[1478 
[147917 
1480 
1481 
11482 
2487 
[1484 
1485|* 
1486 


1488 


1489 
1490 


1487]; 


2,16G0863 
2,1695£05| | 
341696744 
2,I1E9568 2 

2,1702617 


| 


Num 


15OC 
I507 
150e 
150G 
IFIC 


2,178401 3| 
341786892 
31789769 


p { 
Legarithmn. 


21778250, 
341781132 


4 


ISI1 
I512 
IFT3 
IFI4 
LEES) 


331792645 
351795518 
2.1798 389! 
351801259 
3,180.4126 


3z1705550 
2,1708482 
3,1 711411 
531714339 
2,1717264 


'I516 
517 
1518 
I3J19 
1520 


291806992 
291809852 
341812718 
31815578 
331818436 


341720188 
31723I10 
3,1726029 
331728947 
331731863 


391631614 
3,16 34595 
331637575 
331640553 
341643528 
331046502 
351649474 
31652443 
2z165 5411 
341658376 


1466 
1467 
1468 
1465 


3,1661340 
3,1664301 
3,1667260 
3,1670218 


1479 


3,1673172 


I491 
1492 
1493 
1494 
1495 


"97 
1498 


x50, 


I5O1T 


1502 
1507 
I504 


I505 


I496| 


391734776 
317 37688 
241740598 
341743506 
34 746412 
301749316 
35F75 2218 
31755116 


1499; 31758016 


31760912? 


34176 3807] 


341766699 
3,1769590 


1221772478] 


391775 365 


I521 
I522 
1523 
I524 
1525 
1526 
1527 
1528 
1529 


1539, 


1531 
1532 
1533 
1534 
153513 
1536| 
1537 
1538 


341821292 
331824146 
31826999 
3,1829850 
331832698 


3,1835545 
341838390 
31941233 
FLA 044075 
33184691 4 
31849752 
2,1852588 
331855421 
31858253 

3,1 861084 
391 36 391 1863912 
3,1866739 
341869563 


1539 
j1540 


2,1872366 
2,1875 207 


I 541 


CHILI AS % 


Num 


Logarithm. 


i 


Num 


Logarithm. 


I541 
I542 
CIS 5 
1544 


15.46 
1547 
I548 
1549 
I55O 
1551 
1352 
1555 
1554 
£335 
I556 
1557 
1558 
I559 
I560 


1545] 


3,1878026 
341880844 
2,1883659 
3.188647 3 
q18897285 


1576 
1577 
1578 
1579 
I580 


331975562 
3,1978317 
3,1981070 
3,198 3821 
2,1986571 


341892095 
3,1894903 
21997709 
341900514 
341903317 
241906118 
2,1908917 
3zI9TI 714 
31914510 
341917 304 
2,1920096 
3,1922886 
31925674 
3,1928461 
341931246 


I561 
I562 
1563 
I564 
1565 
I566 
1567 
I568 
1569 
1570 
IS71T 
1572 
I57* 
1574 


391934029 
341936810 
351939590 
31942367 
31945143 


351947917 
3,1950690 
3,195 3460 
31956229 
2,195 8996 
3,1961762 
31964525 
341967287 
331970047 


CLE ——_— 


I590 


IF581 
I582 
1593 
I584 
585 
1586 
1587 
I588 


31989319 
391992065 
3,1994809 
391997552 
3320002923 
3,2003032 
342005769 
392008505 


1589 


I591T 
I592 


392011239 
35201 3971 
342016702 


332019431 
3,92022158 


1593 
I 


39 
1595 
1596 
159 
I5 
1599, 
IGOI 


IEO2 
1603 


50s 


1608 


) © 
_y 


1600 35 


1604 
16051352054750 


4 392024883 


[392027607 
392030329 
392033049 
392035768 
292038485 
4I200 
7554391 3 
34046625 
392049335 
392052044 


(792057405 


2,206 2860- 
1609, 3,2065560 
1610 2,206$259 


, |Num 


[—— r—— 


IGIN 
IGI2 
IGT3 
1614 
I615 


1617 
1618 
I619| 


'I620 
11621 


I622 
I622 
1624 


I625 


I626 
1627 
1628 
1629 
I630 
IG31 
I632 
633 
163 

1635 


I616 


Lo Carithms. 


332070955 
392073650 
392076 344 
392079035 
392081725 


Numf 


| — __ 


1646 
1647 
1648 
1649 
1650 


Logarithm. 


392164298 
3,21669 36 
332 169572 ) 
332172206 
3321 748 39) 


39208 4414. 
392087100 
352089785 
392092468 
232095150 
352097830 
342100108 
352103185 
332105860, 

321085 34. 
242II11 205; 
3921 73876, 
392116544 
392I192I1 


332121876 | 


392124540 
392127201 
392129862 
332132521 
392IT 35178 


I636 
WIN 
1638 


1639 
1640 


3321 37833 
3,2140487 
392143139 
352145789 
3,21484.38 


I641 
1642 
1643 
1644 
1645 


32,2151 086 
392153732 


392156 376 
3,2159018 


JIG51 
[IG652 


11667]35 


1653 
1654 
I655 
1656| 
1657 
1658 
1659 
1660 
1661 
I662 
1663 
1664 
1665 


1666 


1668 


352177471 
2,2180100 


3,2182726 
352185 355 
392187980 
352190603 
392193225 
392195845 
332198464 
392201081 
392203696 
392206310 
392208922 
3392211533 
352214142 
352 332216750, 

52279356] 
3392221960 


1669 
1670 
I671 
I672 
1673 


1675 
1676 
1677 
1678 
1679 


1680] 


1674 


(39222456 3 
332227165 
392229764 
392232 363 
3522 34959 
392237555] 
352240148 
332242740 
352245 331 
332247920, 
333250507) 


jx 5751351972806 


292161659 


3332530931 
I68] 


>. e 


CHILIAS 


1700 


129 304489 [173 


11706 


1711 
\I712 
[x71 
(I7E43 


\Numy Logarithrs, 


Num 


Logarithm. 


1682 


1684 
1685 


168 3] 


1681ſ3,2255677 


392258260 
3,2260841 
39226 3421 


392265999 


1686 
1687 
1688 
1689 
1690): 
I691 
£692 
I693 
1694 
20IN 
1696 


1698 
1699 


1707 


I702 


[2705 


I 
2708 
[£7 

[1710 


1697]7 


1703]: 
11704 


392268576 
392271151 
192273724 
392276296 


[332281436 
392284004 
392286570 
3922891 34 
392291697 
332294258 
42296818 
392399277 
392301974 


39230704: 
352309596 
52312146 

332314696 


3,231979O 
92322335 


352327421 
2392329961 


392332500 
392335030 
352337574 


392 3401 OB 


35234264! 


392324879] 


292278867 [1725 


252217244] | 


0717. 
1718] 


| 1716| 332345173 


332347793 


[39235O232 
1719;: 


32352759 
232355284 
392357809 


2]33230033T 
21392 56285 3 


392365373 
392367891 


1743] 25 


352 370408 


392382971 
39 2385479 
342387986, 
392390491I 


32392995 


3392395497 


71352 397998 
8|2, 2400498 


332492996 


1741332405492 


332372923] 
322 375437, 
392377950 
392580461 


| 


Num 
I7571 
1752 
175? 


1755 


1754 


bs) 


a * 


— -- 


232432861] 
392435341 
392437819 
432440296 
352442771 


756 
I758 


1757 


392445 245 
352447718 
392450189 
332452658 
392455127 


_— 


—_— i 


1786 
178713 
1788 
1789 
I790 
I791 
I'792 
179} 
1794 
1795 


125 18815 

332521246 
392523675 
3525 26103 
3,2528530 
392530956 
352533380 
3,25 35803 
392538274 
392540645 


332457593 
342460059 
332462523 


392472365 
352474823 
392477278 


1772392479733] | 


17743: 


34248 2186 
392484637 
332 2497087] 
14895 36] 
39- 491984 


332464986 | 


17651352467447 
392469907 


11807 


1796 
1797 
1798 
1799 
180C 


| —— 


1801 
1802 
1803 


1806 
1808 


1809 
1810 


bo 
180 


342543063 
332545481 
322547897 
392550312 
392552725 
332555137 
332557548 
392559957 
332562365, 
392564772 
392567 177 
392569582] 
332571984 
332574386 
332576786 


392407588 
24: 410481 


2412974 


1744 3,2415465 


1745 


1746 
1747 
1748 
1749 


320417954 
352420442 
352422929 


332427998 


I750 


224:0380 


3, 2425414] 


30494430 
34496874 
352499318 


117791392501759 


3525 Q4.%OO 


3,2506639 


[3>25TIF13 


[72533948] 
51322516382) 


1392509077], 
[2878] 


1811 
1812 
uw 
1814 
I815| 


332579184 
332581582 
35258 3978, 
392586373 
3,2588766 


1816 


332591158 


1817 
1819 


| 


18 20|3,2600714| 


2,2593549 
352595939 
32598327 


12715] 


Oo 


132 


Num| Logarithn., 
1821];,2603099 
1$2213,2605484 
182 332607867 
1824 332610248 
1825|3,2612629 
18261352615008 
1927,3-2617385 


I828| 
1829' 
18 30, 
3831 


1832 
I8 34. 
1835 
1836 
1837 
1838 
I839 
1840 
I841 


1832; 352629255 


392619762 
392622137 


352624511] 


392626883 


39263ZIG25 
352633993 
332636361 
352638727 
32641092 
352643455 
332645817 
Hadeneye 
3326505 38 


1842 
1843 
1844 


{845 


1846 
1847 


12848 
,1849 


,1850 
'1851 


:1852 
185 31332678754} 
:18541392681097] 
1855]32268 3439 


392652896 
352655253 
392657609 
3926 59964 
392662 3 I 7 
392664669 
352667020 
352669369 
342671717 
352674064 
39267641C 


_——_— 


——_— 


1856 
1357 
1858 


1859 
1860 


Num! Zogarithm. | 


332685 780, 
392688119, 
292690457] 
392692794 
2,26951 29, 


Po_ 
I891 
1892 
1892 


1394 
I895 


I 861 
I$62 


392697464 
392699797, 


196 313,27021 28 
18643, 2704459, 
1865:+2,2706788; 
1866; 732709116 
1867292711443 
1868|342713769 
186g] 342716093 
1870] 3,2718416 


:I896 
1897 
xX898 
1899 
1900: 
1901 
1902 
1903] 
190 

1905 


1871] 342720738 
1872|3,2723058 
18731332725 378 
187432727896 
1875|3527 30013 
187613327 32328 
1877(332734643 
287832736956 
187913,47 39268 
1880 ,3,2741598 
1881 EET. 
188213,{746196 
188 3132748503 
1884;352750809 
1885152753113 


I 906 
1907 
Igo08 


1909 
1910 


| Logarithms 


292766915 
392769211 
332771506 
3,2773800 
df tut dey 
342778383 
392780673 
392782962 
392785250 
3927875 36 
2,2789821 
3, 2792105 
342794388 
342796669 
22798950 
3,2801229 
342803507 
3,2805784 
342808059 
392810334 


E9I 113,2812607 


I912 


3,2814879 


I913j3,2817150 
I91443,2819419 


I1916}3,282 3955 


F919} 392830750 
I920(3,28 33012 


I91513,2321688| | 


I91713,2826221| 
1918 3,28 28486} 


[I 926 
1927 
1928 
1929 
1930 


332846563 
352848817, 
32851070 
23285 3322 
352855573 


1931 
1932 
1933 
1934 
1935 
,1936 
1937 
1938 
1939 
I940 
I941 
1942 
1943 


35285 7823 
3,2860077x 
292862318 
392864565 
3,2866$10 


392869054 
392871296 


392875778 
32878017 
32880255 
32882492 
392884728 


I 


944 
1945 
1946 


3] 352907022 
4 3,29092.46 


52886963 


—_” + os oo wel week + nd _—"W [Þ 


3-287 3538| 


352889196 


352891 428 
332893659 
352895889 
352898 1 


352900346 | 


392902573 
392904798 


352911468 


1886132755417 
18871332757719 
I888(3,2760020 
1889132762 320 


— —— 


I92213,28 375 34 
192343928 39793 


l 924 52842057 | 


1925*3,2844 307 


IQ21 grit 


3,291 5908 
33291 8127 


+4 
\Q 
A 
\ 


352920344 


3291 3688| 


392922561 


1189e [2227646 T8 


I961 


CHILIAS 75 


-—-7z 


1961132924776 
1962|2,2926990 
1953 352929203 


1967342938041 
1968 29294O25FI 
19693,2942457 
1970,3,27944662 


= | 
122971036 
35297 3227 

41352975 > wh 
19551352977605 
342979792 


11995: 


33298416 

13 332986 248 
3529885 31 
29299 2 3 
3429928 93 
[2,2995073 
1992997 251 
352999429 


33298 ye 


1994 


Num = 


1965 $293 3626} | 
19661342935835 


2005| 333021144 


garithm. 


Num 


— 


1996[3,3001605 
1997 
1998 
1999 
2000 


343005955 
243008128 
343010300 
343012471 
343014641 
243016809 
393018977 


20O1T 
2002 
200J 
2004 


2006[3,3023309 
2007 393025474 
2008! 


200g 33029799 
2010'3,3OZIJGT 


201113,3034121 
20T2 
201 J 


[393038438] 
2014 3353040595 
201513,3042751] 


2025 3,3064250 


2Ox6 333044995 
2017 3,3047059 
2018 393049217 
2019 3,305t 363 


2021 3,3055662 


2023 333059959 
2024 343062705 


353003781 


(3230276 37] 


33026280) 


2020 3,305 3514] 


2022' 34305781 21 


2026 343066 394 


2027 3230685 37 
2028 2,3070679 
£02913,3072530) + 


ND 


2031 
2032 
2032 

2074] 
2025 


293077099 
332079237 
31393081 374 
3,3083509 
2232985644 


2036 
2037 
2038 
2039 
2040 


333096502 


343087778 
33089910 
343092 042 
333294172 


2041I 
2042 
2043 
2044 
2045 


3,310480g 


343098430 


3931COF57 
393102684 


293106933 


2046 
2047] 
2048] 
op 
2050 
2051 


32311753 


33302177 
q 343126004 


343109056 
343111178 
343113299 
3,3115420 
9 
3331 ys 
343123889 


.N128118 


» 
Q 
A 
i | 


2059 
2060 
2OG1 
12002 
'2063 


337 36563 
293138672 


33140780 


Logarithm \ | | 


343142887 
393144992 


,2064} 343147097 


20363,3074960! 1206513, 3149200 


2091 


Yumi. 


2066| > 
2067] 2,315 3405 
20 68 
2069 
2771223239703 
2071 
2072 
2073 
2074 
2075 
2076 
2077 
2078 


2079 
2080 


| —————o—n—_——s 


2081 
2082 
2083 
2084 
2085 
2036 
2087 
2088 
2089 
2090 


2092 
209} 
2094 
2095 


| Logarithm. | 


93151503, 


333155505 
343157605 


243161801 
343162897 
343165993 
343168087 
234317OIS1 
393172273 
33174365 
323176455 
33178545 
34318063 3 
333182721 
343184807 
343186893 
33188977 
333191061 
353193143 
3533195224 
393197305 
353199384, 
223201463 
393203540 
3932056 17 
333207697 
33209767 
3332x1840 


2096 
2097 7 
2098 


2099 
| 210C 


393213913 
343215984 
33218055 
3,3220124 


393222195 


Oo 3 


2ICI 


| 


| 


! 


2106 


2109 


& 


CHILITAS 3. 


— 


Num! 


| _——_— 


2101 
21O0LZ 


210 
2IO05 


2107 
2108 


2I10 
2II, 
2I12 
21I3 
2114 
2IT5F 


Logarithm. | 


35 322426© 


(353226 327 
2103 33228393 


243250457 
333232521 
333234584] 
343236645 
393238706 
343240766 
243242825 
333244882 
233246939 
353248995 
343251050 
393253104 


2116 


2118 
2119 
2120 
2121 
2122 
2123 
2124 
2125 


[39325557 


[2117 


393257209 
353259260 
333261310 
393263359 
343265407 
33267454 
343269500 
393271545 
343273589 


« 


2234 


2E26 
2127 
2728 
2129 
2130 
2131 
I 32 
2132 


393275623 
33277675 
343279716 
393281757 
343283796 


343285834 
343287872 
3,3289909 


2135 


343291 944 
33293979, 


2145|333 314273 
[2146|3,3 316297 


Num|Logarithns. 


213613,3296012 


213813,3 300077 
2139] 2,3302108 
2140133304735 
2141(3,3306167 
214213,3308195 
2143{343 310222 


2144 743312248 


2147,33331832O 
2148133329343 
2149 353322364 
2150 323324385 
2151;393326404 
21521333 328423 
2153 3533 30440 


21 551353334473 
21 5613533 36488 
2157343338501 
2158 343 340514 
2159 333342526 


2160 353744537 
2161243J46548 
2162|3,3 48557 


216313, 3{50565 
2164 343352572 


21.3713,3298045| 2172 


2154 353332457] 


Num 


Zan 


2,3366598| 
393 368598 
21731353379597 
2174'2,3372595 
2175|2,3374593 


2171 


\Num|Logarichns.| 


2206; 
2207 
2208 
2209 
2210 


333436055 
3,3438023 
39 344999x 
33441957 
333443923 


2177, 393378584. 
2178 393380579 
2179 333382572 
2180 353384565 
2181 333386557 
2182! 393388547 
2183 333905 37 
2184 343392526 
2185| 333394514 
2186| 333 3965O1 
2187, 3,3 398488 
2188, 3,3400473 
2189; 3534092458 
2190 323404441 
21911 233406424 
2192| 353408405 
2193[3,3410386 
2194| 333412366 
21951353414 345 
2196| 333416323 
2197] 353418301 
2198] 333420277 
2199] 332422252 


2176323376589] 


12222 


} ——— 


2165 


343354579 


2166 
2167 
2168 
2169 


2I70 


393356585 
5333358589 
343360593 
343362596 
33364597 


2200 
2201 
2202 
2103 


393424227 


343426200 
333428173 


333430145 
343432116 


" I'O4 
2105 


333434086 


2211 
2212 
2213 
2214 
2215 
2216 
2217 
2218 
2219 
2220 
2221 


2223 
2224 
2225 
2226 
2227 


2229 
2230 
2237 
2232 
2233 
2234 


2236 
2237 
2238 
2239 


2228 


33445887 
333447851 
353449814, 
343451776 
32345 3737 
393455698 
323457657 
323459615 
353461573 
393463530 


393465486 
353467447 
3,3469395 
343471348 
34347 3300 


333475252 


2235035 


343494718] * 
33496660 
333498601 
293500541 


2240 


33502480 


2241 


CHILIAS 3. 


2244 
2245 
2246 
2247 
2248 
2249 


2250 
2251 
2252 


2253 


2255 
2256 
2257 
2258 


2259 
2260 


2254 


Num|Logarithm 


Num 


Logarithms | 


Num 


Logarirhm. 


2241343504419 
22421393506 356 
2243)333508293 


343510228 
393512163 
393514098 
393516031 
393517963 
343519895 


393521825 


393523755 
333525684 
393527612 
393529539 
3935 31465 


393533391 
333535 316 


3535 39162 


22G1 
2262 
2263 


2265 
2266 
22697 
2268 
2269 
[2270 
2272 
2273 
2274 
2275 


2264 


333543006 
343544926 
343546846 
353548764 
393550642 


333552599 
1393554515 
[393556430 
353558345 


393562171 
39356408 3 
34356599 


393567905 


2276|3,3571727 
22773335736 3©] 
(2278 


12279 
2280 


Eo 


2281 
'2282 


2282 
2284 


333537239] | 


39356981 


39259855 


343602146 


393575537 
33357744: 


25357924E| 


2311 
2312 
2313 
2314 
2315 


33581253) 


393583156 
393585059 
233586961 
292 588862 
2335907602 
333592662 
333594560 
353596458 


3,3600251 
33604041 


323605934 
3,3607827 


33541 084] [2295 


393560259] [-5' 


393609719 
393611610 
343613500 


393617278 


3,3619166| | 


243621053 
343622939 
3,3624025 
2,3626709 
33528593 
33630476 


393615390] | 


2317 
2318 
2319 
2320 
2321 
2327 
2322 
2324 
2325 
2326 
2327 
2328 
2329 


2330 


2331 
2332 


333632358 


353634239, 


1343636120, 


2316|2 


3936 38COO 
393639878 
293641756 
343643633 
333645510 
536475386 
392649260 
233651124 
393653c07 
3426<4880 
59305OTFI 
233658622 
33660492 
343662 36 I 
343664230 


| Num 


f ogarithm. 


2346 
,2347 
2248 
2349 
'2250 


23370Z28C 
343705131 
3,3706981 
2,37088:0 
242710697 


2351 
2352 
2853 
2354 
2355 
2350 
2357 
2358 
2359 
2.36C 


333712526 
393714373 
343716219 
333718065 
12337 19909 
393721F53 
343723596 
343725438 
333727279 
342729120 


333667964 
3936698 3O 
393671695 
233672559 
393075423 
333677285 
353679147 


1393681008 


251393682869 


3536921 59 


3936 9g014. 
343695869 
233697723 
pps 
323701428 


2361 
2362 
2363 
2364 
2365 
2366 
2367 
2268 
2369 
2370 


233730960 
323732799 
233734637 
333736475 
243738211 
333740147 
393741983 
393743817 


353747483: 


2371 
2372 
2375 


2375 


2376] 


2379337639 
2380 3437657 


393749316 
333751147 
343752977 


3,376 2118 


| 


25337456571]; 


2374393754807| 

(33756636| 
343758464] 
2 3771323760292] 
2378, 


i 238: 


69| 


CHILIAS = 


12381{3,3767594 


2382 
238 3- 


(2284 


2385) 
2336 
2387 
2788 
2389 
2390 

2391 
2392 
2393 
2394 
2295 
2396 
2397 
2398 
2399 
_ 
[2401 
2402 


2402 


2406 
2497 
2408 
2409 
2470 
2411 
2412 
[2413 
2414 


333792055 


2404 
2405] 


Num Logarithm | 


333769418 
393771240 
33377 3062 
2337 74584 


333776704 
293778524 
353780343 
2,3782161 
33783979 
393785796 
333787612 
353789427 
353791241 


353794868 
343796680 


353798492 
3, 3800302 


3,3802IT: 


3,380392 

3,3805730 
338075 38 
393809345 


593812956 
3,3814761 
343816565 
343820170 


393811151] | 


Num! Logarithes: | | 


2416 
2417 
2418 
2419 
24.20 
2422 
2423 


{ 


2425 


343830969 


243832766] 


24383455 
353836359 
352828154 
323339948 
293841741 
3538435 34 


2424 333845 326 


3528471 17 


2426|3,3848905 


3,3850698 
3,385 2487 
323854275 
3,285606 2) 


333859636 
3,386142 I 
3,386 3206 


133864990 


6|33866773 
343868555 


343821972 
333823773 
343825573 
393827373 


2415 


333829171 


iy 
SO 
© 


1343891661 


33857850 


nu——. 


Num 


2451; 
2452 
_ 
245 

2456 
2457 


| [2434 


1222935752 
12593937506 
71323939260 
[33394TO01 3 


1393896975 


1353914644 


| 222926969 
[| 33928727 


31353932241 


o13539445F1 F17 


"Logarithm. 


352893433 
393895205 


3, 3898746 
333900FIF 
33 902284 
33290405 2 
"3*905819 
233907585 

533G09 251; 
3>391T116 
393912880] [2 


333916407 


393919931 
33392I691 
3593923452 
34392521T 


333930485 


33918169 


b 


| AS 
| = n— 


333933997 


393943765 


33946 26 
29394601 
39394976 


2485135395 326 d520/3,4014005 


393 LAESP! f 


Num 


* — 


2486] 


2487 
2488 
2489 
2490 


Loparithm. 


39396199} 


2491 


2492 
2493 
249 
2495 
2496 
2497 
2498 


2499 
2500/3 


343963737 
342965480 
3, 396722 3} 
233968964] 
33970705 
343972446] 
343974185} 
393975924 
393977662] 

392979400 


250t 
;2FO 


250313,398.4608 
2504 353906 343 


[25OF 
2506 


2507} 
2508] 


2509 


3.39811 37 
33982873 


3988077 
343989811 
J,299E513 
343993275 
33995007 
233996737 


25TI 
251 
2513 


2514344003653 
244005 380 


2515 
2516 
2577 
3518} 


344000196 
354001925! 


34907106 
3340088 32 


2529 


[HOIST 57 


2,4012282 


2521 


CHILIAS 1; 


[252112,4015728 
12522[234017451 
þ<5 2335401917? 
25241 3,4020893 
2525 
25 26/2,4024. 33 
2527, 334926052 
2528] 2,4027771 
252917 44029488 
25 70j2,4031205 
340 32921 


2/33492G 352 
294038066 


25 351324039780 


[2550 $:4965402 ( 


1255 113,4067105 


1255 21394068807 
1255 2134070502]: 
2554134072209] f- 
2555134073900) 


Logarithm. 


244022614 


61] 2:4084096; 


3:4087486| 2598 
2,4089180; 
2565 2,4990874 26CO 
34992567 
34094259 
34295950 
22499764T 
257912249993 g1 
294101O21 
34102710 
324104" 98| | 

234166085] ]- 
2575124107772] 


3540246 37 


Num Logarithm. | Num 


224075608 | {2591 
255 1 3:4077307 259) 

34079005 | 1259312: 
2341 39700 
24741 274 


2,4980703| [2594 
$603,408 2400 


2341 34674 
2:4T 36350 


2595 


4138025 


2576|3>4109459 
24111144] |: 
24112829]. 
224114513], 
7941 16197 


| 24953463 | 


Y 4. 


A ER 
dts 
Py 


8624126285 
1587/3541 27964] [2622 
341 * 9643| 1262.3 
If g a 720) 12E>h3 34139638 
2625 24191297 | 


ov 


py Rn AM 


3941 22998. 


$414 5P47 
54144719 
"24146 391 
2.414806 7 
29414972? 


2596 
2597 


2599 


A — 


2601|3,4151.404 
34153073 


44 352154742 


34158078 


"94156410 


"24159744 
354161410 
3,416 3076! 
34164741] | 
334166405 
34168069 
(34169732 
31354171 394 
354173056 
2615 354174717 
[2610134176 377] | 
[2647 +4178037 


[1 
dQ 
= 
_ 


[5 


[3-418 _ | 
_ © 35418307 * 8301 : 

2ardze7e 
334186 327 
34187983 


2621 


Num Lo arihn. 


(2627|2,41 94601 
2620 34196254 
202$13;4197906| 
26* ©? 244199557 
[2631] 334201208 
126 32|334202859 
2633134204509] 


— 


26 2636 254209455 


_—_ 


34279696 


1:648[34229180 
[2649j3»4230820' | 


2659134247183 


5 tC 
2626|3,4192947 


26 241334206158 
2G 25134207806 | 
Cee EE EE CEN 


26 37133421110! 
26 38/32 2421 2748, 
2639; [2427435 


12640 2:4: I6 029, 


2641]: 4317684 


[2642]334219328; 


2354220972 
1354222614 
1334224257 
[24225898] | 


2650 224232459) | 
-6571 3:42 24097, | 
2652134235735) | 
265 31224237372} | 
2654] 5429009! | 
| [2655 3:4*40645 
2656124247: 81] | 
657124243916] | 
2658124245550 | 


266c43,4. 348816] | 


"2661 | 


CHILIAS 


Jo 


"Num 


2661 


266} 
2664 
2665 
2666 
2667 
2668 
2669 
2670 


2662| 


Logarithm. 


324250449 


324252080 


334255 342 
334256972 


| [2697 
2425 3712] 


2700 


334258601 
3,z42602;0 
24261858 
34263486 
334265113 


2671 
2672 
2673 
2674: 
2675 
2676 
2677 
2678 
2679 
2680 


2681 


2682 


268} 
2684 
2685 


2694] 


2342667-9 
34268365 
334269990 
354271614 


354273238] | 


354274861 
324276484 
294278106 
354279727 
3442813548 
234282968 
344284588 
344286207 
34287825 
224289447 
294291060 
324292677 
2429429 

34295908 
244297527 


? 324300751 
2334302264 


394299177 


254303976 


2702 


$13:43955B8 


Num 


[Logarithm. | 


2696 
2698 
2699 
2701 


270 
2704 
2705 
2706 


2707] 


2708 
2709 
2710 
27I1 
2712 
2713 
271.4 


254307199, | 
3,4 308809 
394310419; 


3394312029 
234313638 


394315246, 
1,4716853 


3:4 118460 
2,4 320567 
294221672 
354323278 
324324883 
234 326487 
34328090 
29432969} 
234331295 
34332897 


3543 34498|- 


334336098 
34337698] 


2715 
2716 
*7*7 
2718 
2719 


2343 39298 
"24349396 
34342494 
34344292 


2720 
2721 
2722 
272 3j 
2724 


[2725] 


2726] 
2727, 


[2728] 
12729, 
2730 3,4361626 


2:4 5689 
3,437285 
(24 8881 
354350476 
394252071 
344353665 


334355258 


34356851] 
3,4358444| 
3,4360035| 


2762 
12763 


2721 
2732 
2732 
27 34 


273 
2737 
2738 
2739N} 


Num. Logarithm. 


2735 


3436 3217 
2,4 364807 
3,4 366396 
34367985 
334369573 
34371161 
334372748 


14374334 
04375920] 


2740 
274T 
2742 
©7473 
2744 
*745 
2746 
2747 
2748 
2749 


2751 
2752 
3753 
2754 


2750 


294377506 
34379990 
3,4380674 
244382258 
2,438 3941 
334 385423 
324387005 
344388587 
334390167 
34391747 
34293327 
$ 


3439648. 

344398062 
354399639 
2,4401 216 


2755 
2756 
wid 
2758 
2759 
2760 


294402792 
354404368 
34495943 
2,4407517 


34409091 


2761 


3,441 0664] 
354412237 
3,4413809 


2764 


——— 


2765 


3-4416951] 


l—_— 


3-441 5380]. 


12797 
12798 


Num 
2766, 
2767 
2768 
2769 
FEED 
2771 
2772 
27743 
2774 
v7 FF 
2776 
2777 
2778 
2779 
2780 
278113 
2782 
2783 
2784 
2785 
2786 
2787 
2788 
2789 
2790 
12791 
2792 


2464790 
3,4432630 


24440448 


Les] 


394418522 
344420092 
3,4421661| 
"2442 3229] 


324426 365] * 
324427932; 
34429499 
234431065 


324434195 
34435759 
354437 322 
34438885 


24442010 
22444 35 FR 
3544451 32 
3,4446692 
234448252 
334449811 
34451370 
234452928 
334454485 
34456042 
: 4457598 
354459154 


2793] 
2794}3 
2795| 


FR 


34460709 
23446 3818 


2795 


——_— 


2799 


j2800 


Wig 


34465 371 
34466925] 
324468477 
324470029 
34471580! 


2Lor. 


| 


25 


2802 34474681 
{280}; 1324476231 


2804 


2812 


12821 


CHILIAS 3;. 


2805 
== 
2807 
2808] 
280g 
2810 


met 


7. | [Num 


3437 3127 


3447778 
34479329 


34480877 


34432424 


3448 3971 
34485517 
34487063 


2811 


2B13 
2814 
2615 


3,4488608 
394490153 
34491697 
34493241 
3,4494784 


2816 
2817 
2818 
2819 
2820 


2822 
2823 


2825 


3,45 02491 


2824134508647 
34510184 


34496326 
34497868 
34499410 
34500951 


3,45 04031 
34505570 
34507109 


2226 


(2828 


12830] 


2827 
2859 
2831 


2822 
2833 


F11 721 
345117 ol [2862 


32451325 
354514794 
324516329 
3,451786 
34519399 
3:45 20932 
3,45 22466 


2834 


| 


12835; 


34523998 


2836 
283 

2978 
2839 
2840]3 
2841 
2842 
2843 
2844 
2845 
2846 


2847;354543875 
2848 34545400 


2849 
2850 


2851/3,4549972 


2852 
3853 


2 


2655 


2858 


2859 
2860 


3:4528593| 
3z45 30124 
345 31654 
3345 33183 


3245 3606 I 


23034557582 
2857 3,4559102 


3345 34712 
3 3545 36241 
344537769 
3:45 39296 
324540823 


34542 349 


324546924 
354548449 


324551495 
334553018 
34554540 


294560622 


394562 142] 
294563660 


2861 


2863 


2864 334569730 
2865. 


2366 
2867, 
2868 


2869 


51394525531 


287034578819 


324565179 
34566696 
34568213 


3-45 77246 


34572762] | 


354574279] 
34575791 


(34577395 


Logarithns. I Num Legarithm. 1 


34527062] 2871 2871 3:4580332 


287213,4581844 
2873 34583356 
(2874|3,4584868 
2875|3:4586378 


2876 3-4587889] 
2877 
2878 


2879 
12880 


'2881| 
2882 
2883 


— 


2884 


2885 
2886 


2887: 


2888 


2889 
2890 


2891 
2892 
2893 


2894]; 


2895 


2896; 
2897 


'23898 


[2899] 
;290O} 


1354625477 


354389399 
344590908 
34592417 
334593925 


34595433 
3,45 96940 
344598446 
354599953 
34601458 
3460296 3 

334604468 
$4605 972 
34607475 


34608978] | 


34610481 
34611983 
35461 3484 

3,4614985 


3,4616486] | 
74 617986} 


34619485 
34620984 
234622482 
3,462 3980 


3,46 26974 


d! 24628470 


3346 31461 


3,46 29966] | 


7 
S | 


713»46 34450 


; 


Num| Zogarithm 


34632956 


34635944 
34637437 
3245 38930 


to 
© 
=_ 
—_ 


29151324646 286 


91324652341 


34640422 
234641914 
324643405 
34644895 


34647875 
34649364 
34650853 


34455 3328; 


394655316 
213,45 56802 


213,4558288 


413465977 
34661239 


? 35134676081 
134677560 


61344662743 


©6422 

3,466 5711 
3,4667194 
293934668676 
2931[3,4670158 
134671640 
3346731 20 
34674601 


34679039 
3,4680518 
3,4681996 


ET. 


3468 3473 


CHILI AS 4. 


Num 


| 


Logarithm., 


[2947 


34684950 


12942. 

294.3! 
2944 
2945| 


34586427 
35468790 2 
'3,4689378 
3469085 3 2 


2946, 


2949, 
2950 
2951 
2952 
2953 
2954 
2955 


394692327 


2947/324693801 
2948(3,4695275 


324696748] |2 
334698220 
3,4699692 
3,4701163 
34792634 
34704105 
34725575 


2956 
2957 
2958 
2959 
2960 
2961 
(2962 
(2963 
2964 
2965 
2966 
2967 


344707044 
34708513 
334709982 


34714384 
334715851 
354717317 
34718782 
34720247 
394721711 
354723175 


2968 
2969 
2970 


394724539 
34726102 
3344727564 


2971 
2972 
2973 
2974 


34729027 
334730488] 
34731949 
3-473 3410 


2975 


34734870 


2977; 
2978. 
2979 


= 
2982 
2983 
2985 


'S 
A... 


[Num Logarithm. 
2976, 


344736329 
34737788 
3247 39247 
34740705 
354742163 
354743620 
234745076 
34746533 
354747988 
34749443 


Num 


ZOII 
ZOI2 
JOIJ 
3014 
zor5 
3016 
ZOI7 
ZOr8 
Z0I9 
302 < 


Logarithm. | 


| —— — 


3,4787108 
324788550 
344789991 
354791432 
34792873 


354794313 


354795753 
324797192 
(2479863 I 
2,4800069 


34711450 
34712917 


2986 
2987 
2988 
2989 
2990 
2991 
2992 
2993 
2994 
2995 
2996 
299713 
2998 
2999 
3000 
2007 
3002 
3003 
3004 
3005 
3006 
3007 
700, 


135 


354750898 
324752352 
3,475 3806 
394755259 
324756712 
324758164 
347596 - 
3,476106 

334762518 
3»476 3968 
34765418 
334768 ? I6 
34769765 
394771 2I2 


3O2I 
3022 
302? 
3024 
3025 
3026 
3027 
3028 
3029 
3030 
3O31I 
3032 
3033 
3034 
3035 


34801507 
3,4502945 
24804391 
34305818 
3,480725 

3,4808689 
3,4810124 
3,4811559 
34812993 


344814426 


34315859 
324817292 
3,4818724 
34320156 
3,4382158 


3,4472660 
344 74107 

75553 
os 
24778445 


3036 
3037 
30386 
3039 
3040 


3,4823018 
324824448 
3,48 25878 
343827307 
344828736 


3,4779890 
354781334 
34732778 


3009 


30To, 


34784222 
3,4785665 


3041 
3042 
3043 


34830164 
348 31592 
34333019 


3044 


349 34446 | 


13045[134835873 


Num 


|Logarithm | 


3046 
304713 
3048, 
4049; 
you 
3051 
3052 
305313 
3054 
13055 
3956 
3057 
3058 
3059 
3060) 
3062 
3062 
(306 3 
13054 
3955 
[3066 
3967 
3068 
3069 
- poof to 
3071 
ZO72 
3073 
3074 
313 
3076 
3077 
3078 
3079 


ences 


3680'3,4885507 


3,488 2686 


3-48 37299 

34338725 
3,4840150 
34841 574 
34842998 
324844422 
34845845! 

34847268 
34848690 
324850112 
34851533 
3455 2954 
34854375: 
3,485 5795 
3485721 4 
34858633 
3,486005 2 
3,4861470' 
3,4386288 8 
34864305 
33456 $721 
3343671 38 
348685 54 
34869969 
34871384 
34872798. 
34874212 
34375626 | 
34877039! 
34378451 
34879863 
3,4881275 


3,4884097 


ZOS1 


CHILIAS 4. 


w—_ 


3081 
3082 
3083 


0[ 3,491 3617 


334920616 


3110|2,49276 04 


;Num Logarithm \ Num'Logarithm. 
L : — 


> — 
ſ 


394886917 


244888 326 
34989735] 
3,4891144 
324392552 
324893959 
3,4895 366 


3549C09g0 
3249023951 


31324903799 


3,4905203 
2,4926607 
349080Cg 
3,4909412 
3,4910814 
3,4912216 


294915018 
34916418 
34917818 
334919217 


354922014 
29492341 3 
2,4924810 
334926207 


213,4930396 
13,4931791 


33492gCCO 


324933186 


34934580 


34896773) 
34890 179; 
2324899595 


2216 
217 
:3T18 
3119 
3120 


354935974 
34937368 
3z4938761 
354940154 
234941546 


3121 
12722 
2123 
31724 
3125 


344942938 
334944 329; 
344945720 
334947110 
24948500 


_ 


— . 


3IFT 


3126 
3127 
3128 
3F29 
3150 


[24951279 


2549498590 


2495 2067} 
[354954056 
324955443 


3131 
3x32 
3133 
3134 
32.35 


354956831 


32496 ©990| 
354962375 


354958218] 
334959604] 


3161 
316: 
316; 


ZI65 


ZTIF2 
3153 
315412,4983617 
315512:4989994 
315613;4991370 
3157134992746 
3x58135499412T 
315913:4995496 
3160'3,4996871 


3764 


3166 
31672y5006481 
3168|3,5007852 
316g| 335009222 
3170 


Num' Logarithe. 


34984404 
2,4985862 


3,498 7240 


Num 


3186 
3187 
2188 
3189 
31gO 


Us egarithm. 


3,5032458 
395933821 
335025183] 
355936545 
335037997 


3224998245 
2,4999619 
395000992 
395002365 
395P23737 
395 CO Fl Og 


2,50105927 


32 36 
3137 
2138 
3F39 


33496 3701 
324965145 
3,4966529 
334967913 


3140 


3142 
3143 
3144 
3745 
3146 
3147 
3148 
3149 


A 


314113497 0679 


2,49C 9296 


3 44972062 
3:497 3444 
334974825 
[244976 06 


324977587 
324978967 
9,498 2.47 
394981727 


3F7I 


(3175 
3176 
3177 
3178 
3279 
13180 
(3381/3350256 37 
{3x$2|:935 ©27CO1 
[3185|335028366 

| 13194 05049750 
3150134498 2196! |318513,5031094 


3172 
1317; 
(3174|3,5016065 


35011962 


533 014701 


- be le. 
325 018805 


335 022505 
295 024271 


33501 33 32. 


| eg 
33215 29] 


r 


3191 
3192 
3195 


3194 


3IT95 
3I96 


3197 


3198 


3199 
320C 


3J2O0I 
3202 


3203 


3204 
[3205 


3206 
3207 


3208 


= 
[] 
> | 


13209 
3210 
12271 
3212 
3213 
13214335 070459 
32151335 071810, 


345039268 


245040629 
395041989 
33504334 | 
75944709 


ra 
335 047426 
355948785 
2,5050142 
355 O5 I FcO 


335054213 
335955569 
3950956925 
2,5058280 
395059635 
395 060990 
335062 344 
395063697 
345265050 
335066403 
395967755 
345 069107 


32162,5073I60 


3217 355974531 

3218 2,5075860, 
3219 335977210, 
3220:2,5078559 


Pp 2 


32-8 


» mt) DAG eto hr 11g rr EO GR ts pact) Was - 


| 


nos - we lee 


eat 


CHILI AS 4. 


| Num! 


3222 
3223 
3224 
13225 
3226 
3227 
3228 
3229 
3230 
3231 
_ [3232 
3233 
3234 
3236 
3237 
(3238 
13239 
6240 
[324T 
[3242 
13243 
13244 
13245 
q3246 
13247 
3248 
3249 
[3250 
3251 
13252 
325.3 


1 


A rok 


Logarithm 


355081255 
295082603 
3,508 3950 
335085297 
355986644 
3,5087990 
3559893354 
3,50906 8a 
3330920 25 
35093370 
35994713 
395096057 
35297400 
395098743 
34510008 5 
335 FOI427 
335 102768 
395 104LO9 
395 105450 
355106790 
3351081 30 
35109469 
3-5 110808 
395112147 


35113485 
325114823 
335116160 
325117497 
3951188 34 
3,5 120170 
395 T21505 
335122841 


3254 
12255) 


3.024175 


Num 


Num 


Logarithm. 


3256 
3257 
3258 
3259 
3260 
3261 
3262 
13263 
3264. 
3265 


Logarithns. | 


335126844 
395128178 


395129511 
513084 
395132176 
335133508 
35134840 
395136171 
395137501 
395138832 


3266 
3267] 
3268 
3269 
of fn 
3271 
3272 
3273 


| 3274 


3276 
327] 
3278 
3279 
3280 
3281, 
13282 
3283 
3284 
2285 
3296 
13287 
3288 
3289 


335 146805 


3395 140162 
395141491 
35142820 
335144149 
325145478 


355146133 
3,5 149460 
395150787 
MIEELASES 
33515 3439 
335154764 
325156089 
335157414 
335% 587 3s 
395160062 
395161386 
325462709 
395164931 
335165 354: 
395167997 
345169318 
3951706 39 


3301 
$393 


3305 


3291 
3292 
3293 
3294 
3295 
3296 
3297 
3298 
3299 
3300, 3551851329 


3302: 
3304 


3306 
3307 
3308 
3399 
3310 
33I1 
3312 
3313 
3314 
33T5 
3316 
3317 
3318 
3319 
3320 
3321 
3322 
3323 
3324 


335173279 
345174598 
395175917 
295177236 
235178554 


| Mo > 


Num Logaritins. 
mmm 
2355219222 
295220528 
335221823 
3455223138 
3535 224442 


3326 
3327 
3328 
3329 
3330 


395179872 
3,5181189 
235182506 
395183822 


335 186455 
335 197771 
335 189086 
335 190400 
335 I9L7I5 


395193028 
395 194 342 
395195655 
325196968 
345198280 


345 20090 3 
335202214 
335 203525 


395206145 
395 207455 
39520876 

335210073 
3552T1281 


3952T 3996 
395 21'5.303 
335.2T6GT 


3345 


355199592] 13346 


345 2048 35 


395212689 


335 225740 
335 227050 
335228353 
33 241335229656 
3335135239958 
3336 RE 
33371355233562 
3338 2352345863 
33 39]335.2 3616 

3343312374951 
3341 395-238765| 
3 3421335-240064 
33431355241 364 
3344139524266 2 
355-24 3961. 
395245259 
395246957 
395247354 
395 24q9IFI 
395 250448! 
335251744 
395253040 
335 254335 
395255631 


3331 
3332 
3333, 


3347 
3348 
3349 
3350 
3351 
3352 
3353 
3354 


33551395 256925 
3356|3,5 258219 
33571395 259513 
335 8[3,5260867 
3359, 3,526 2100 


3360 335263393 


25125510 


13290 


325171959 


[3325 255217916 


3361 


A — b. \ 
Ce Ee <a... - 


* On ID 3A Pos. $9 EP 


- ax Hers > _ 


CHILIAS 4 
Nam Zogattbm: [Nam Logaritim | [Num Logaritim | Num|Zogorithm | 


3361] 3,5 264685 3396/7,5 309677 3431125354207] [3466] 3,5 398286 
3362/3,5265977 3397135 310955 34321335 255473] [346713353595 38 
Def pebe 3398/3,5 312234, [3433[355 356738] [3468 35400791 
3399 253135102 3434/35 358003] 13469] 3,540204 3 
3400 3,5 214789 34351395 359267] 12470[3,5403295 
3401/3,5316066 3436|3,5 3605 32] [7471155404546 
34021355 317243] [343713,5 361795| [3472 355405797 
| | 34031355 318619, 13438!2,5 263059] 13472|35407048 
— 730101 [3494/35 319895| 13439 3,5 364322| [3474] 55408299 
(337035 276299] [24951395 321171] [3440 335365584 1475|3>5409548 
(3371 335277588] [346/355 322446} [3441355 366847! [3476| 3>5410798 
[3372335278876 3407, 395 323721 34421325 368109, 34771355412047 
3373135280163] [348/235 324996| [443/335 369370] [3478; 755413296 
3374355281451] [34991335 326270] [2444335 370631| [34 o[3541454 4 
3375/3, 5282738] [3410[335327544\ [3445/3,5 371892 348c[23 5415792 
34111355 328817] [2446 32537315 3| [3481355417040 
341213253 30090, [3447355 37441 3] [3482135418288 
33 3552865 96| |3413[355331363 344%355375672| [3483 3554T95 35; 
337NH52$7882| [3414135332635] [3449355 376932 [3484|355420781 
338013,5289167| [3415135333907] [3450/35 378191 348 5]35422028 
338113,5290452| [34161355 335179 34511355 379459] [3486139542 3274 
338213, 52917 36| [34171355 336450] [345 23,5 380708] [348713454245 19 
TOO35299020 34181355 337721| [345 3/325 381966} [3488[335425765 
34191355 338991] [245 4[355 383223] [348935427010 
33845 25295587 342935349261] 12455[25 384481} [3490[355428254' 
(338613,5296869| [3421|355 347531 345613>53857 374 [3491[-35429498 
3 38713-52981 52] [34221355 3428C0] [24571325 386994; |3492(3354 30742 
33887335 299434] [342335 344969] |2458[%5 388250 3493|225431986, 
(3138, | [3424135345338] [2459]355 389506] [3494/3354 33229 
ESE 3425135346606] [2460]3z5390761| |3495|3>5434472 
2426|7,5347874| [346135 392016 3496|3,543571 
34271355 3497141} [3462[355 393271 [3497| 345476956 
| [3428335250408] [3465 55 3945 25/| [3498|3,5438198 
| [34?9[335 351675 on 355 395779, [3499\3554294*9 
| [3>53970221 [3500 3,544068: 
35CcCI 


—v—— 
7 


—— 


1 [34501335 352947] J3465 


EHIL IAS 4s 


Num 


3501. 
[50s 
j3 3503\ 
(3504 
| 3505 


2] 335443161 


335445641 


—— 


35441921 


395444401 
3,5446380 


3506 
3507 
3508 
3509 
3510 
3511 
3512 
3513 
3514 
3515 
3516 
3517 
2518 
3519 
3520 
3521 
3522 
3522 
13524 
3525 


395448119 
395449358 
345450596 
395451834 
39545 3O71 
335454308 
335455545 
335456781 
325458018 
395459253 
335460489 
395461724 
355462958 


35545 5427 
3,5466660 
355457994 
355469126 
355470359 
355471591 


— 


3526 
35327 
3528 
3529 
35302 
FLEE 
3532 
3533 


355472823 
355474055 
335475286 
3354765 wi 
225477741) 


395464L93| 


Num 


3536 
3537 
35 39 
3539 
3549 
2541 
3542 
3543 
3544 
3545 
3546 
3547 
3548 
3549 
3550 
355T 
3552 
3553 
3554 
3555 
3556; 
3557 
3558, 


3559 
3560 


3561 
3562 
3563; 
3564 
3565 


Foe” 


Logarithm. 


395485123 
[355486351 
235487578 
2,5488806 
335490033 
395491259 
335492486 
395493712 
395494937 


355497387 
355498612 


395 501060 


33349616 2] 


3554998 36| 


355502283 
395593507 
333 504730 


335507174 
395508 296 
3555099618 
13555108 39 
395512059 
355513280 
335574500 
335515720 


835519377 


355478977] 
35480207 
335481436, 

335432665 


33 34 
3335 


255483894, | 


3566 


3567, 
13568. 


2570 


[5 


395520595 | 


335523031 
13,5 524248 
335525465 
25526682 


39552T813] 


39550595 2| 


395516939] 
235 FESI58] 


oy 


'Num 


3571 
3572 


3573] 


3574 
3575 
13576 
3577 
3578 
3579 
:2580 
3581 
3582 
3583 
3584 
3585 


3586 


3587 
3588 


3589 
3590 


3591 
3592 
3593 
3594 
3595 


3 3596 
3597 
3598 
3599 
3600 
3601 
3602 
3603: 
3604 
3605 


395527898 
325529114 
335530330 
3535531545 


335533975 
3955 35189 
335536403 
335537617 
335538830 
335 540943 
335 541256 
335 542468 
335 543680 
35 544892 


Logarithm.| 

3606135570257 
3607}395571461 
355572665 
355573869 


245532760 335575072 


395546103 
335 547314 
355 548524 
325 549735 


335 552154 


355554572 
395555781 
395556989 
355558197 


1335 559494 
395560612 


2455561818 
395563025 
395564231 
1395 565437 
355566643 
335567848 


395550944] 
13626 
35555 336F 


3631 


——— 


3608 
3609 
3610 
3611 
3612 
3613 
3614 
3615 
3616 
3617 
3618 
3619 
3620 
3621 
3622 
3623 
3624 
3625 


3627 
3628 
3629 
3630 


3632 
3633 
3634 
3635] 
3636 
3637 
36 38 


[3640 


um| Log ariches. 


355 578680 


3555 8108} 
355 582284 
335583485 
[355 58.4686 


3,5587086 


325 589484 
355590683] 
355591882 
325593080 
355594278 
335 595476 


325599066 


335607433 


355576275 
335 577477 


355579881 


355585886 


395588285 


355 597870; 
35600262 
355601458 
335602654 
35603849 
335606239| 


3556082627 


a 


_ ©9820 


3256119014 


| 


[3556905 3 


364r 


b 


CHILIAS 4. 


Num 


Logarithms. 


3641 
3642 
3643 
3644) 
3645 


395612207 
335613 399 
355614592 
335615784 
235616975 


Num 
3676 
3677 
3678 


3679 
2680 


3646 
3647 


35618167] 
395619358 


3648 
3649 
3659 
365I 
3652 
3653 


3656 
13657 
. [3658 
13659 
3660 
3661 
3662 


3654135627685 
3655] 


395620548 
395621739 
355622929 
395624118 
335625308 
395626497 


335628874 
3,56 30062 
395631250 
33563 2437 
395633624 
345634811 
3,56 3599/7 
395637 I83 


3663 
366; 


3666 
3667 


3665135640740 


812.5 54547 
255646661 


395638 269 
335639555 


355641925 
35643109 


39564547 


3556 47844 
3,5649027 


367 


31969039 


395641392 


—— 


3681 
3682 
3683 
3684 
3685 
3686 
3687 
3688 
3689 


3690 


3691 
3692 
3693 
3694 
3695 
3696 
3697 
3698 
3699 
-/* ot 
3701 
3702 


1Lo garithm. 


133565 3755 


395654936 
295656117 
335657298; 
35658478. 
235659658; 
345660838; 
295662017 
295663196 
2495664375 
355665553 
395666721 
395667909 
355669087 
335670264 
345671440 
395672617 
335673793 
235674969 
335676144 


335677320 
335678494 
335679669 
335680843 
255682017 


395683192 
395684364 


3703 
3704 


395685537 
335686710 


3795125687882 


3706|3,5689054 


3707 
3708 
3709 
27x10 


295690226 
395691 397 
355692568 
395692739 


| 


Num 


from 
3712 


3.7 34, 
3715 
3716 
3717 
3718, 
3719, 
2720, 


3713] 


Logarithm. 


| 


Num 


395694910 
3955696080 
395697249 
355698419 
295699588 
3»5700757 
395 7OL 926 


295703094 
39570426 2 
3957054256 


3721 
3722 
3723 
3724 
2725 


335706597 


395797764 


345708930| 


395710097 
355711263 


3746 
13747 
374e 
3749; 
[<7FC 


355735678 
35736837 
335737996 
395729154 
33574931 2| 


3751 


3755 
3754 
2755 
3756 
2757 
3758 


3759 
3760 


> — 


295741471] 
3752125 


5742628 
*25743786 
35 744943 
33 5746099 
235747256 
335 748412 
35749568 
335750723 
355751878 


3726 
3727 
3728 
3729 
3739 


295712428 
33571359 

333714759 
395715924 
395717088 


3761 
3762 
3763 
3764 
3765 


32575392 3 
355754188 
335755 342 
335756496 
395757650 


3731 
3732 
3733 
373 

373 


395718252 
35719416 
345720580 
225721743 
245722906 


3736 
3737 
3738 
3739 
2740 
3741 
(3742 
5903 


= 


335724069 
3935725231 
355726393 
335727555 
2355728716 


3756 


rt r——_ 


3768 


377! 
13772 
277} 


i. m—__— rr. 


3779'2 


3767 


3769 
> 72 aa 


295758803 
355759956, 
29576 I109 
235 702261 
2,576" 413 
395764565 
33576 5737) 


774 35768019 
[2.5769169 


335729877 
395731038 
335732198|- 


po 


7441335733358 


3357 24518 


F 


37704335779320. 
3$7771?35771470, 
3778125772620. 
2779359773769 
2780'3,5774910' 


136751355642573 


J7Er 


j 
Logarithm.| 


CHILIAS > 


ogariths. | Num 


395817222 
255818359 
9395819497 
55820634 
113,5821770 
2,5822907 
325824043 
4/355825179 


25826 314 


335827450 
7135828585 
335829719 
335830854 


35831988 


335833122 
335834255 
295835 388 
355836521 
355837634 


3958 38786 | 
37/3958 39918 


295841050 
255 842 ISI 
3840[295843 212 
nn — 
35584444: 
1395845574 


or 


3558478 -4 


2 1848 963 


a 6_xpfemml, 


3,58160842 355895028 


01325899496 


$35 8961495 
355897362 
335898 379 


[355 9OOGL 2 
921395901726 
31395902844 


3856 395861 370] [3s 
38571395862496 
38581[3,5863622 


3859[3,5864748 
3860 325865873 


3895[3,5905075 


395907} 


$13,5850093 


395851222] 


3,5852351 
355853479 


©, 3,58 54607] [3885 


395903959 


345906185 
825908418 


CHILIAS x. 


[2924 
3925 


21135593 396E 
3922'3,5935076 


3924 


[Num 


Logarithm. 


Num Logarithy:. 
39 | | 


395936183 
395937290 


3926 


3929 
3930 


3927, 
3928] 


35593950: 
3594060g 
355941715 
355 94282C 
395943925 


3931 
3932 
3933 
393 

3935 
3936 
3937 
3938 
3939 
3940 


135949447 


395945030 
3559461 35 
355947239 
355948 344 


335950551 
3355951654 
335952757 
355953860 
35954962 


3941 
3942 
3943 
3944 
3945 
3946 
3947 
3948 
| 394 

'3 IDFE 


395956064 
335957176 
355958268 
335959369 
395 960470 


335961571 
335962671 
395963771 
35964871 
(395965971 


[3957 
3952 
3953 


395967070 
355 968169 
355969268 


3954 
3955 


3959383971139 


35970367 
395971465! 


3956' 
3957 
3958 
3959 
60 
3961 
3962 
3963 
3964 
3965 
3966 
3967) 
3968 
3969 
3970 
3971 
3972 
3973 
397 
3975! 
3976 
3977 
3978] 
3979 
3980 


(395 972 563 
35973660 
395 974758 
(395975855 
(395976952 


335978048 
355979145 
395980241 
395981336 


335982432 | 


355983527 
395984622 
355985717 
355986811 
325987905 


Num 


3991 
3992 
3993 
3994 
3995 


3996 
3997 


3993'2 


3999 
000 


Logarithm 


Num 


36010817 
356011905 
395012993 
396014080 
346 OI 5JI68 
396016255 
356017341 
, 396018428 


;3z6019514 
3,6020600 


4001 
4002 
4007 


A004 


q_v4N 5 


b_ 


355988999 
395 990092 
355991196 
355992279 


355993371] 


395994464 
355995556 
395996648 
355997739 
355998831 


3981 
3982 
3983 
3984 
3985 
3986 
3987 
3988 
3989 


395999922 
3,6CO1O1 } 


3,6002102 
26003193 
3.600428 3 


4006 
4007 

400F 
zoog 


3.6005 373 
3,6006467 


336007551 
3,6008640 


3990 


3,6009729 


4OIO 


4O11 
CorN 
PIE 4 
4014 
401513 
LoI6 
4017 
4018 
40T9 
4020 
4021 
4022 
4023 
402413 


| — 


3,6021685 
30022771 
3,602 3856 

3,6024941 
336026025 


356028197 
346029277 
396030361 
356031444 
36032527 
3,603 360g 
356034692 
360035774 

3,6036855 
3:6037937 
36039018 
353940099 
36041180 
355042261 


ned Om 
356043341 


[325044421 


356045500 
356045580 


4025 


326047659 


356027109| 


. 4029] 3 


3k 


| 


4026 


4027 
4028 


4930 
4031 
4932 
4933 
4934 
(4035 
4936 
4937 
4038 
4939 


AOAO 
* ep | 


35048738 
2560498 16 
3,6050895 

3956051973 
3,605 3050 
356654128 
346055205 
3,6056282 
356057359 
356058435 
336059512 
3460605 87 
346061663 
336962738 
356063814 


4041 
4042 
4043 
4044 
4245 
4046 
4047 
4048 
404913 
4950 
4057 FI 
405: 

495 [3 
4054 
4955 
4056 
2057 
4058 
4905s 


3,6069185 


4OG6C 


346064880 
346065963 
3,6067077 
346068111 


356070259 
3,6071332z 
3,6072405 

36073478 
326074550 
3,6075622; 
36076694. 

396 077766; 
346078877 
36079909 
2,6080979 
3,608 2050 
346083120} 
3,60841 90 
346085260 


Qq 


4061 


[Num 


4061 
4062 
4063 


405al 


« AW 
4065 
4056 
4967 
4068 
4069 


4071 
4072 


4074 
4275 
4076 
4P77 
4078 
4079 


4O8I 
4082 
4083 


Aoga 
© Sia, 


407 31356099144 


4080 


Logarithm. | 


36086330 
36087399 
fAr-phs/ 


3,60895 37 
3,6090605 


396091674 
395092742 
3,609380g 
36094877 
3,6095 944 
3,0097011 
3,6098078| 


3,6100210 
396101276 
3,5102342 
3946103407 
36104472 


36105537 
336106602 


3,6107666 
346108730 


36109794 
395110857 


14085 


4088 


14091 
4092 
4093 


4086 
4087 


4089 
4090 


346111921 
3,6112984. 
3,6114046 
3,6115109 
3,6116171 
3,6117233 
346118295 
336119356 
396120417 


4094136121478 
409512,61 22539 


14999 


Num Logarithm. 


4096[3,6123590 


4097 
4598 


4100 


4101 
4102 
4103 
4104 
4T05 
4706 
4107 
4108 
4109 


4110, 3,6138418 


4IIq 
4TI2 
4113 
4114 
4115 
4116 


[3,6124560, 
335125720 
296126779 
36127839 
36128898 
35129957 
3,613101ſ5 
3,6132073 
3,6133122 


CHILI AS 5. 


A. 


4% 


| Num 


jr31 
41 32 
4153 
4134 
4125 
4136 
4137 
4138 
4139 
4140 


396134189 
396135247 
346136304 


36137361 


396139475 
336140531 
3,6141587 
3,6142643 
36143698 


34614475 4| 


4117(3,6145809 
4118, 36146863 


4119 
4120 


4AI2T 


4122; 


4123 


4124; 


4125; 


4127 
4128 
4129 


4130 


3,6147918 
3:6148972 
2,6150026 
2,6151080; 
346152133 
33261531 87] 
3367 == 


(4126|3,6155292 


3,6156345| 
3,6157397] 
36158449, 


— 


414112, 


4142 
4143 
4144 
4145 


14145 


414713 
414813 
4149 
4150 
4qlE5z 
4152 
4153 
4154 
+155 
4156 
41537 
4158 


415936189889 


4169 
4161 


4163 
4164; 


4162) 


Logarithm. | 


336x60552 
2,6161603 
3,6162654 
246163705 
356164755 
336165805; 
255166855 
395167905 
395168954. 
24617000? 
6I7IO52 
3,6172101 
3,6173149, 
36174197, 
36175245\, 
396176293] 
336177340, 
3-6178 387 
36179434 
36180481 
3,6181527 
326182573 
3,6183619 
396184565 
3,6185710 
396186755 
396187800 
3961888451 


36190923 
36197977 
3,6193021 
(356194064 
3,6195107 


36159501 4165| 3,6196150 


Num 


| — —_— 


4166 
4167 
4168 
4169 
4170 
4171 

4172 
73 

4174 
4175 

4176 

4*77 

4178 

4179 
4180 
4181 

4182 

4183 

4184 
4185| 

4186 
4187 
4188 
4189 
4190 
4191 
4192 
4193 
4194 
4195 
4196 
4197 
4198 
4199 
4200 


| 


Logarithm. 


3,6197193 
396198235 
296199277 
346200319 
3,6201360 
30202402 
36203443 
356204484 
336205524 
356206565 
356207605 
355208645 
350209684 
326210724 
253621176} 
3,6212802 
3,6213840 
36214879] 
3,6215917| 
3,6216955 
3,6217992 
3,021903O 
3,6220067 
3,6221104 


3,# 222308 
396223177 
396224217 
396225 249 
36226284 
3396 227320 


396228355 
396229390 
3,6230424 
346231459 
36232493 


4207 


CHILIAS 5: 


[Num Logarithm., [Num Lo arithm. | = Logarithm. Num|Logarithm. 
= nt: 


427113,6305296| 4306135349749 
[4262136234560] [4237,36279585] 427? 36306312] 4307135341749 
4203/3,6235594| (423836271610 427 336307329] 43951330 342757 
4204 3,6236627\ [4239|3,6272634| |4274 36308 345] 4399135343765 
4205136237660 424936273659] (4272 3,6 399361 a2] H477 | 
4206136238693 4241[756274683 427013,6319377 (43111326 345780 
4207362397251 [424236275793] 42771226371 397 4312 359 345788 
420813,6240757, [4243336276730 


4278136312408 432 336347795 
4209/3,6241789] [4244136277754] (4777 226313423) 43141346 345801 
4210336242821 4245136278777 4280] 3,6314438 4215 36 349808 
421113,6243852 [4246|3,6 279800 4281136315452 4316| 336350814 
421213,6244884| [4247 3,6280823 4282] 346 316467 4317]|3,6351820 
421336245915] [4248 3,6281845| [428 2356317481 1431836352826 
421436246945) 4249136282867 4284j 3,6 318495 | 4379 336353932 
[4215136247976] [4252 3,6283889| [4255 por 4320136354837 


4216|3,6249006| [4251136284971 4286| 336329522] 4321136 355843 
4217/,6250036| [425236285933] 14287 350327535 14322|3,6 356848 
4218 3,6251066] [4253 2,6286954 428 246322548] [4323 3,6 357852 
4219136252095] 4254|3-6287975 (4289136323560 143241336 358857 
4229136253124 (4255 2,6288996| [42901336 324573 4325136359861]. 
422113,625415 3 4256136 290016] 4291 336 325585| [4326 3,6 360865 
4222/3,625 5182] 1425735297930) 14297 36 326597) 1432736 361869 
14223 3,6256211 4258 3,6292057] 4293 2,6 327609, 14328 2,6362372 
(4224/3,6257239 4259 329300 4294136328020, 4329 3,6 36387 
4225|336258267 42603) 294996 42953263296 32 433013,6364879 
[4326 326259295 [42611336295115| 4290 36330643] [4331]3,6365882 
4227|350 260322 4262 34629013 4297 3,6 331653 14332 3,6 366884 
4228/3,6261359] |426 53529775 5 42981326 332664, 4333|3,6 367887 
'4229|36262377 4264346298172] 4299 336 333674; 14334|3,6365889 
4230326263404 4265136299190] (430C 36334685 | 4335|3,6 369897} 
[4231 3,626443C 4266 3,6300208] 4301 36335994] 43361346 379893] - 
4232136265457] [4267] 326321220 4302|2,6336704, [4337|735371594 
4233136266483] [4268 3,6302244| 439339337713, 4335] 36372995 
| 4234136267599] [4269 356303262 l4:0413,6338723| (4339 366373896] 
268534 4270 3,6 3042791 |430513:6339732! 4340|3,6274897] 
Qqz 434! 


mm _— ——_—_— g c—_—__—_—_ OR 


— 


» 


CHILIAS 5. 


[Num Logarithm., Num|Logarithm. | | Num| Logarithm. | Logarithn. 
4341136375898 4376126410731 4471129445371] 36479695 
4342|3,6376898] [4377] 336411765, [4412[3,6445355| 346480671 
4343136 377898] [4378] 346412758, [4413136447 339] [4448]36481648 
4344{36 373858] [4379] 35641 3749, [4414}36448323] | 356482624. 
4345136379808] (4380, 3,6414741 [441 5]1,6449297! [4452326483600 
336 380897] 4 4381|3:6415733 ' [4461235450291 30454576 
395281896 4382| 34641672 4 [4417|355451274! | 356485552 

356 382895] (4383, 356417715| [4415[226452257 364865 27 
356383894] 4334 335418705; [4419135645 3249] [4454} 36487502 
4254395384893] [4385 |3H419596: [4420135$454223] 14455] 36488477 
126385891] 4386 336420586; [4421136455205] | 356489452 
36386889 4387 3,6421676 |4422|3,6456187]| 35490426 

396 387887. [4388 3,5422666| [4423 340457169 35649140T 

396 388842] [4389 356423656, [4424|394581IFI 356492 375 
3551326 389882] [4390 36424645! [4425| 64591 33} [44636493349 
35399879} [43921 35425634 (4426|3>545011.4| [446136494322 
356391 878] [439235642662 3] [44273 356461095} 356495 296 
136392872, [4393 36427612) [4428|3>6452076 3,6496269 
3-639 3869, {4394 36428601, [4429/3340 3057 36497242 

336 394865 4395 356429589, 4430 35464937 36493215 

3.6 395861} 4396, 36430577; [4437 [3646 5OI7| þ 36499197 

336 396857, [4397 356431565| [4432[3646 5997 36500160 
1326397852} (4398 355432552] [4433|3-6456977] [4468[3,6501r32 

3.6 398847] 14399. 326433549, 4434 326457957 3,6 502104 
365136399842] 4429 36434527! [443536468936] [4470]3,6503075 
136490837, 449235435514! [4436 [36459915 x[3,6504047 
1364018 32} (4402 (36436500, 4437 326470894 3,6505018 
$13,5402826| 4493 236437487; [4438 336471873 36505989| 
36403820, pos 36438473! [4439 36472857 3,6506960 

4 [1495 $13,5439459 [4449 3647 3830] [4475/325507930 

4371 25405808, 14495 35440345 [4447 3,6474808 396508go0r 
4372136405802, [4407|3,6441430 4442|3:5475785 136509871 
37 31356407795] [4498[3,6442 2416, 14443; (336476763] 3,651084r 
374136408788] |4409/3,6443401! 14444 36477740! trees 
4375136499781] [40103,6444386 14445'3,6478718] [4480136512780 


448] 


OOO oe tee wr GRE 


CHILI AS <5. 


Num 


31 3,6515687 


7] 336519561 


Fw / 


Logarithm. 


7;651375 
340514719 


2,651665E 
326517624 
3651859: 


4499, 
4491 
4492 
4493 


AAO0A 


4489|396521496 


259520526 


3565272465 
350523450 
356524397 
3390525364 
356526331 


Ih-0 


4495 
4496 
4497 
4498 
4499 
4500 


330527297 
396528263 
390529229 
76530195 
3925 ZTIT60 
336532125 


4501 
4502 
4502 
4504 
4595 


326533090 
336534055 
326535019: 
36535984 
36536948 


4506 
4597 


4509 
4510 
4511 
4512 
4573 
4514 


4508, 3-6539829 


350537912 
36538876 


336 540802 
346541765 
356542728 
36543691 
3,6544653 


—_——S 


45t5 


356545616 
36546578 


Num 


4516 


Logarithm. Num 


2355475 39. 


4517, 2555483501 ; 


4518, 


4519339550423, 


336 549462 


4520336551384 


4521 
4522) 
4523] 


4524336555226; 


4525 
4526 
4527 
4528 
4529 
4550 


336552245 


1 
, 
' 


356553306, 
3395554260} 


396555186 
3956557145 
396558105 
336559064 
3,6560023 
336560982 


om 
4552 


4557j396582976 


;thm-| [Num] Logariches./ 
Logarithm | Legarichns. 


246531068] | 
3658202} 


455435383930 


45 551396534884 


[36616234 


36614340 
3,6615287 


256GT7181 
359618127 


4556\26595837| 
4557:356586790, 
4558, 336587742) | 


| 


4559 3365886961 | 


(4560 3,6589648| 
450 113,6590501 
4562[3,6591553 
456 313,6592505 
4564136593456 
45651355 594408 


5 346620964. 


3,6619073 
3,6620019 


336621910 
246622855 


1326624745 


396623800 
36625690 


346627 578 


4531 
45.32 
4533 
4524 
4535 
45 36 
4537 
45 38 


539 


——_— 


454 


4542 
4543; 
wm 
4545 
4546 
4547 
4548 
4549 
4550 


4 
4540 


350561941 
3,6562899 
396553857 
36564815 
396565773 


36566730 
396567688 


326568645 


3:6569602 
36579559 


330571515 
336 $72471 
336 573427 
355574383 
336575339 
326576294 
356577250 
36578205 
330579159 
3,6 580I14 


— 


— 


4566t2,5595 359 


4568[3,6597261 
4569]2,659$212 
457036599162 
4571[3,66900112 


4572[336602012 
\45741390602962 
4575226602917 
4576|3,6604860 
4577 336605809 
4578 
4579/3,9607706 
4580, 36608655 
4581] 396609803 
(4582 3,6610551 
4583136611499 
4584 3,6612445 
4585: 3-6613393 


— 


45671336596: 10] | 


45721397601062 | 


3,6606758| 


2 334 3,66 37009 


4616 
4617 
4618 
4619 
14620 


36628523 
366 29466 
3,6620410 
36631353 
226632296 
36633239 
296634182 
346635125 
3,66 36067 


396637951 
396638893 


356639835 


3,66 49776} 


1461512,6641717! 


3,6642658 
36643599 


3,6645480 
366 46420] 


—E— 


— 


A621 


3595644539; 


it 


os 
ho vwths 


Goin WE am wats A+ Arte tot 


0. es » 
: 


—_— 


CHIL I AS 


Fo 


Num 


| ———_— 


4621 
46 22 
4623 
4624 
4626 
4627 
4628 
4629 
4630 
4631 
4632 
4633 
4634 
4635 
. [4536 
4637 
4638 


Logarithm 


{ 


Logarithm. 


Num 


396647 36C 
326648299 
36649239 
346650175 
2,6651117 
296652056 
36652995 
35665 3933 


296655810 


n—_— 


396654872] 


' 


[26683859 


356656748 
326657685 
346658623 
336659560 
36660497 
356661434 
396662 371 
32666 3307 
396664244 
36665180 
396666116 
336667051 
36667987 
34666892 2 


396670792 
396671727 
396672691 


6501266745 30 


3j 296686654 


71326690378 


36694099 


396697816 


13,6707096 


3.66801 30 


36681092 
356681995 
36682927 


2,6684791 
36685723 


326687585 
3,6688516 
356689447 
396691 308 


36692239 
396693169 


SA[Ts 


4692 
4593 
4694 
4595 
4696 
4597 


Logarithm. | 


346712654 
326713580 
390714506 
336715431 
346716256 
396717281 
3,6718206 


4698 


4699, 
3,67:0179 


4700 


30719150 
36720054 


pt... A 


4701366721503 


4702 
4703 
4704 
4795 


36722826 
356723750 
336724673 
356725596 


396695028 


356695958 
396696887 


326698745 
396699674 
3,6700602 
390701530 
390702459 
340703389 
3,6704314 
3,6705212 
26705169 


4706 
4707 
4708 
4709 
4710 
4711 
4712 
4713 
4714 
4715 
4716 
4717 
4718 
4719 
4720 


— 


390675463 
390676397 
3136677331 
396678 26, 


326708023 
3,6708950 
396709876 
396710802 

346711728 


4721 
4722 
4723 


4724 
14725 


33072651 
336727442 
336728365 
336729287 
3,967 30209 
346731131 
356732053 
336732974 
36733896 
3367 34817 
320735738 
356736659 
ar 7579 
36738500 
396739420 
36749340 
236741-260 
36742179 
36743099 
346744018 


— 


1475 3 


Num| 


4.726 
4727 
4728 
4729 
4730 
4731 
4732 
4733 
4734 
4735 
4736/ 
4737 
4738 
4739 
4” 
4741 
4742 
4743 
4744: 
4745 
4746 
4747 
4748 
4749 
4750 


Logarithm. | 


356 744937 
36745852 
256746735 
36747693 
336748611 
326749525 
330750447 
356751325} 
356752283 
325753200 
356754117 
356755034 
356755951 
336756867 
336757783 
346758700 
396759615 
3367605 3I 
336761447 
396762362 
35676 3277 
356764192 
396765107 
3,6766025 
3,67669 36 


4751 
4752 


4754 
4755 
4756 
4757 
4758 
4759 


14760 


396769678 
356779952 


3,676 7850] 
326768764] 


396771 5os| 
350772418 
356773332 
356774244 
336775157 
326776069 


396679197 


4761 


| 


——_— 


4761 
4762 
4763 


4765 


4773 


4764 


4766 
4767 
4768 
[4769 
4779125785184 


4772436757004 
4773 
4774124678824 
4775 
4776 
4777 
4778 
4779 
4780136794279 
[4781 

4782 
| 213967 97©04q 
478413679791: 


36803355 


346776982 
36777894 
13,677880C 
346779718 
346780629 
36781 54C 
2,6782452 
346783362? 
346784273 


346786094. 
36787914 


2567897 34 
246790643 
2:6791552 
346792461 
3-679337© 


396795187 
3967960gC 


396798815 


Num! Logarithm | | ul Logarithm. 


4796 


4797 


4798 
4399 
4800 
4801 
4802 
4803 
4504 
4805 


4808 
4509 
4810 


4806| 36817838 
4807\3,6818742 


3,6208-92 
36809697 
2,681CC 02 
2,6811507 
24681241: 


3,0813317 


3,6815126 
3,68160:0 


256816924 


296819645 
296820548 
296821451 


4811 
4812 
4813 
4814 
4815 


36822354: 
33682 32 56 


3z6825061 
36825963 


4816 
4817 
4818 
4819 
48 20 


3,6826865 
346828668 
356829569 


36799727 
3,68CO6 34 
236801547 
3,6802446 


|3,6804262 
3,6805168 
246806074 
3,6806980 


3,6807886| 


4821 
482.2 


482 5 


482 3|? 
48 24] 
326834973 


3,08 31 371 


3,6814222| 


48 26 
4827 
48 28 
4829 
48301368 39471 


3,68 36772 
346837673 
346838572 


3:6032272) 
| 


36824159] 


2,68:0470| | 


62358731 (4 
4 . 4862 


O— 


CHILIAS <>. 


Num'Logarithn. 


4831 
4832 
4833 
424 
4335 
4836 
4837 
4838 
4839 
4840 
4841 
4842 
434; 


3] (4859 
4860 
261 


313,6860102 


346240270 
350841269 


33684 :066 
3,684 3965 


2,6845761 
36846659 
320847556 
30848454 
350849351 
3,0850242 
2,08 5 I I45 
256852041 


3,085 3834 
36854730 
3,6855626 
3,6856522 
326857417 
36858312 
3,6859208 


3,6860998 
2.6861892 


3,6863681 
355864575 


J 


340862787 


2,6866 262 
2,0868256 
3,6869149 
486:|36859043 
4864] 350869936 


3368421 68] | 


36844863 | 


2-6865469]| | 


4865136876828 


70136875 250 


Logarithm:- 
36871721 
3.687261 2 
30873506 
350874398 


1256876181 


3,6879746 


30852938] [458 


26882418 


3,68206 37 
3,6881528 


3,688 3508 
296884198 


336885978 
2,0886867 
396887756 
2,z6888646 


; 2,6893089 


390892977| 
21226894864 | 
4 256895752 


51226897527 


256889535 
36890423 
2,6891312 
2,6892200 


246896650 


3,0898 414 
2,68993;01 
3,69cO188 


12,6901074 
2.60C 19061 


49-1. 


ge 4 "a SI 


! 


Num; Logarehes | 


NUM! Logarium, 


[4901] 36902847 
4902|3,6903733 
4904136905505 


14995 


3,691 I699 


3469205 34 
3,6922298 


4927 
4929 36927558 
492036928469 
4931 3,6929350 


3,6925829 


4938(33693551 I 


et as} 
4906 346907275 
4997136908161 
4908[3,6909046 
4909 3,6909930 
4910 3,6910815 | 
4911 
4912 35691 2584 
491 3|3»597 3468 
4914 396914352 | 
4915 36915235 
4916 346916119 
77 346917002 
4918 3,6917885 
4919136918760 
4920|330919651 
21 
(obs 390921416 
rok 296923180 
4925 3,69 24062 


= 


bk Vwwass 


4971 
4972 
4973 
14974 
4975 
14976 
4977 
4978 
4979 
4980 
4981 
4982 
4983 
4984 
4985 
4986 
4987 
4988 
4989 
4990 
4991 
4992 
14993 
4994 
14995 


Þilwss 


5006 
5007 
5OOB8 
FOOg 
FOIO 


5O2O0 


4996 
4997 
4998 


4999 
5 OOO 


;F OOT 


FOII 
FOI2 
FOIZ 
5014 
FOI5 


FOIG 
FOI7 
FOI8 
FOI9 


JO21 
5O22 
5O2 3 
5O24 
FO25 
5026 
5027 
5028 
5029 
5030 


O31) 
5032 


[5033 
(5034 
5935] 


5036] 397.0208 57 


1493213,6939231 (5002 (537137021719 
493% 3,693] I17 5003 5038(3,7022582 
4934 3,0931997 FoOug et ms. 

19 35| 2,6932572 500g .i5040-3,702420y 


Nam|Zog 


um|Logarithm. 


5O4IT 
5042 
TJA47 


5045 


5044| 


257025167 
37026028 
2,7026890 
33703775) 
2,7028617 


5046 
5047 
5048 
5049 
5O50 
FOI 
5O52 
5$O53 
$5054 
S955 


397©- 947 

3397030332 
357031192 
397032054 
357032914 
357933774 
397034633 
557035493 
237036352 
237037212 


5056 
5057 
5058 
3959 
FOGI 
5063 


5065 


5O60 
[5062 


5064 


297 038071 
37038929 
357039788 
397040647 
397041505 
357042362 
357043221 
357044079 
357044937 
357245794 


5066 
5067 
5O68 
5069 
4 $070, 3,7050080 
5O711397050936 
50721397051792 
5073 3397052649 
507433705 3505 
5975 327954360| 


397946652 
357047509 
337048 366 
337049223 


—  —— 


[Num 


5070 
$977 


5079]? 
5080 
5O$1 
5O82 
5083 
5054 
5085 
5086 


5078|2, 


Logarithm. 


357055216 
397056072 

7056927 
7057782 
1357058637 
297059492 
297060347 
3,9706120T 
337062055 
347062910 


39706 3764] 


5087 
5088! 
5089, 
5090; 


5OgI | 
5JO92 
5093 
$094, 
50951 


3970204017 
397005471 
3,706 324 


$090 2,70671 78 


3970C80;0 
3,7068884 
3570697 57 
337070589 
33707144? 


5 090 
3097, 
5098. 


Oe CAA EI I 


397072294 
337973146 
39707 3998 


5099{357074850 


5IOO 
FIOI 
F1O2 
J1O3 
3104 
5105 


297075702 


3397979107 
337079957 


5IO0 


$107 
5IO8 


37980808]. 
33708 1659 
257082509 
397083359 


$25Y 
5110 


37084209 


3357076553] 
357077495} | 
337078256] : 


CHILIAS 6. 
INum 


_—_— 


5139 


5140. 


$148 


5142 
15143] 
15144 337113010 
5145137113854 


| 


Logarithm. 


3,7085059 
337085908 


213,7086758 


[3,7087607 
33708 8456 


5[257089 305 
71337090154 
S[:47091CO 3 


17091857 
297092700 


337993548 
£37094 396 

270952 44 
39709; Og1 


2513>7096929 


357097786 


337098633 
3,709948O, 


3,7102020 
337102866 
357103713 


3971 ©O3 27] 
397 IOIN 74 


3571045 59: 
397195404: 


3,7107096 
397107941 
2,7108786 


(37110476 


3357111321 
337112465 


357106250, 


3372090 3X | 


3179 


A-37T11534- 
2,7116380 


1*-7118077 


21357119759 
12,7 120601 


337124813 


»| 397 129021 


5[37130703 


0] 3,71 24905 


3971 39104 


5180|3,7143298! 


— —_——— 


23711469e 


20711722 


3,7118915 


by/ $33 444 
237122: 87 
327125179 
37123971 


357125655 
357126497 
327127339 
237128180 


35971 29862 


49/131544 
397132385 
397133225 
237134065 


357135745 


337137425 
337138264 


397139943 
337140782 
237141620 
357142459 


T7 garithm 


3,7136585] 


Rr 


FIST 


CHILIAS 6. 


Num 


pn) 


5182 
5183 


15185 


5186 


5188 
5189, 


3I91 
5192 
5193 


9195 
5196 
5198 


FRO 


5205 


5184 


357 144130 
357144974 
37145812 
357146650 
357147488 


5190 


5194 


337148325 


5187 397149162 


39715CO0OO 
397150837 
397151074 
35715251© 
397153347 
357154193 
3o57I55OI9 
337155856 


Lo garitns 


Num 


Logarithm. 


5216 
3217 
5218 
5219 
5220 
F221 
5222 
J223 
5224 
F226 
3227 
5228 
5J229 
5230 


337173376 
397174208 
397175041 
357175873 
237176705 
327177537 
37178369 
337179200 
357180032 
35718086} 
337181094 
337182525 
357183356 
3357184186 
2,7185017 


5197 


5199 
F200 


5202 
5203 
Maps, 
5206 
$207 
5208 
5209 
IIT© 


3537156691 


357158363 
357159198 
337160033 
357160869 
3,7161703 
357162538 
357163373 
357164207 


337157527] 


3231 
3232 
3233 
5234 
5235 


5230 
3237 
5238 


15239 


5240 


397165042 
337165876) 
3357166710 


\39 7168 I77 


$211 


5213 


5214 
$215 


5212 


357169211 
337170044 


357170877 
3971 7171C 


33, 17254. 


337167544| |5 


397185847 
397136677 
357187507 
357188 337 
357189167 


15258 


Num 


F251 
J252 
5253 
5254 
3255 
5256 
3257 


3259 
5260 
$201 
F262 
5263 
5264 
5265 
5266 
5207 


Logarithm | 


'Num 


Logarithm. 


397202420 
397203247 
357204074 
337 204gO1 
9372057327 
257206554] | 
37207380 
337208206 
337 209032 
37209857 
337210682 
397211508 
397212334 
357213159 
33721 3984 
297214809 
397215633 


5268 
5269 
5270 


397216458 
337217282 
397218106 


357189996 
357190B 26 
397191655 
357192484 
357193313 


5241 
5242 
5243 

3 244 
5245 
5246 
5247 
5248 
3249: 
5250 


357194142 
357194970 
337195799 
357196627 
397197455 
3,7198283 
397199111 
357 199938 


$271 
3272 
5273 
5274 
3275 
5276 
5277 
5278 
5279 
5280 
5281 
528: 
528: 
5284 


3,7200766 
397201595 J 


J5 285] 


347218920 
357219754 
347220578 
397221401 
337222225 


37223871 
3972 224694 
397227517 
3372263 39 


39722 3048| 


,3295 
5296 


5286 
'5 287 
5288 
5289 
15290 
5291 
$292 
3293 
5294 


n__ e——_— Oo — 


3297 


397231272 
397232093 
397232914 
357233736 
357234557 
327235378 
337 236198 
337237019] 
357237839 
337238660 
37239480 
357240300 


5298, 


3972 27 IO02 
347227904 
337228806 


| 37229628 


197230450 


| 


5299\ 327241939 


5300 
'$3OI 
5302 
5303 
5304 
5395 
5306 
5307 
5308 
5 309 

5310 
= 
5312 
531 
$31 
531 
3 3lc 
$317 
5 ze 
5319 


; 


337241120 


34724? 7<9 
337243578 

327244397 
397245216 
337246035 
337246854 
357247672 
37243491 
397249309 
337250127 
397250945 
37251763 
397252581 
237253398 
527254215 
39725502 ?| 
| 3725 5850 
337256667 
37257483 
37258 300 


pe EI 


J32C 


37259116 


5321 


CHILIAS 6. 


po 00 
53771357 395402 
5378 2,7 306208 


$5972) |5 3881357314276 
84 |5 389 347315082 


Togarithms | = Logarithm- Num 
Bn — 


6\ |5 3924337 317499 


| Logar: thw. 


— pe eons 1 


5426137344798 
5427\ 337 345 59S 
5422137 346398 
54291337 347198 


206 AA 
5391337316693 


53931357 318 304 
53941357 319109 


8| 153951357 319974 


$| 15408 297 330367 


8' (5425137 343997_15 


5430 2,7 347998 
5431137 349798 
54321357 349598 
5432137359397) - 
3] 15434 357351196} | 

54351 337 351995 

2| [5425137352794 
5437357353593 
5438 735409, 
5439337355191 
5440] 37355939 


54411337 356787 
544213973575 

5443137358383 
35735910! 


5 3961337329719 


540613,7 328760 
5407137329564 


— CCC _—_— 

5411127332775 

5412|3,7333578| 
5448 33736237L 
54491397 363168 
5450133736 3965 
54511357 364702 
5452357365558 
545 31397366355 
54541397 367151 
5455\357367948 
5456139736744 
54571337 369949 
54581337 377335 
5459\337371151 


5417137337588} 
5413|7,7 338390; 
54191337 339191 
$42213,7339993 
54211357 349794 
54221357 341595 
5423357342390 
5424337 343197 


Rr 2 


CHILIAS 6. 


N um| Logarithys. 


5462 
5463 
5464 
$455 
5466 
5467 
5468 
5469 
5479 


5461137372722) 


397373517 
337 374312 
337375107 
39737 5902 


Num 
{ 


|——— 


Logarithm. 


5496| 37490457 
$497 37401257 
549813, 7492047 


5499 
5500 


(357492837 


35740 36 27 


337 376696 
357 377491 
3,7 378285 
397379079 
357379873 


5471 
$472 
5473 
5474 
5475 
5476 
5477 
5478 
5479 
5480 
5481 
5482 
5483 
5484 
5485 
5486 
5487 
5488 
54389 
ore 


357380667 
35738 I461 
357 382254 
357383048 
357383811| 


357 3846 34 
357385427 
357386220. 
397387013 
337387806 
357388598 
337389390 
337 3901 82 
337390974 
337 391766 


FOI 
5502 
5503 
5504 
5505 
5506 
5507 
5508 
5509 
FFIO 
bro 
FFI2 
5513 
5514 
5515 
FFI6 
35517 
55I8 
If19 
5520 


337494416 
397495206 
397405995 
37406784 
397407572 
337498362 
3374O9I51 
357429939 
397410728 
Ig 741 I 5 I6 
397412304 
357413092 
335741 3880 
337414668 
397415455 
337416243 
3,7417030 
357417817 
357418604 
397419391 


357392558 
337393350 
3357 394141 
357 394932} 


397395723 


5491 
5492 
5493 


| 
15494 


37396514 
347397305 
373980906 


5495 


337 398886 
37399677 


5521 
5522 
3523 
5524 
5525 


397420177 
397420964 
397421750 
337422537 
397423323 


5526 
3527 


357424109 
337424895 


5528] 


5529 
F530 


337425680 
NIyOE) 
397427251 


| 


Num 


| — ———— 


5531 
5532 
5533 
5534 
3535 
5536 
5537 
5538 
5539 
3540 


357428037 
337428822 
337429607 
357439392 
397431176 
337431961 
337432745 
337433530 
357434314 
37435098 


3541 
3542 
5543 
35344 


5546 
5547 
5548 
5549 
> } bs 
5551 
5552 
5553 
5554 
3555 
5556 
5557 
5556 


3359 
5560 


5545] 


357435881 
337436665 
397437449 
237438232 
357439015 | 
357439799 
357440582 
397441 365 
397442147 
357442930 
3574437 2 
357444495 
337445277 
357446059 
337445841 


Logarithm. 


3374476 22 


337449185 
357449967 
357450748 


55OI 
5562 
5563 


5564 


j5565 


337448404} 


"27451529 
397452310 
39745 3091 


35745 3871 
397454652 


we 
—————_—_—_——_—_— 


5570 


5566 
5567 
5568 
5569 


5571 
$572 
5573 
5574 
5575 
5576 
5577 
5578 
5579 
5580 
F581 
5582 
5583 
5584 
5585 
5586 
5587 
5588 
5589 
3592 
5591 
5592 
5593 
5594] 
3595 
5596 
5597 
5598 
5599 


1 


z 


q 


56OC 


Num| Legarithm. | 


357469454 


357480 329 


3537455432 
337456212 
357456992 
337457772 
357458552 
397459332 
3,7460111 
37460890] 
397461670 
37462449 
35746 3228 
337454006 
37464785 
337465564 
337466342 
357467120 


3,7467898 
357468676 


37472232 


37471009 
37471787 
337472564 
357473341 
397474118 
357474895 
357475672 
337476448 
397477225 
347478001 
337478778 
357479553 


3,7481105 
347481880 


560L 


CHILIAS 6. 


wm Logarithm | 


| ——@ 


5747357589875 


Num 


5776 


3761 6272 


Logarithm. | 


. 
m—_— eo. 


|5846[37668588 


Num] Logarithm. 


5742[3,7590632] [5777 37617924 5847137669331 
5743137591 388] [5778| 327617775 5848137670074 
574413375 92144] [5779357618527 538491357670816 
15745|3,7592980| [5789137619278 1585037671559 
5746| 27593656| [578137620030 58511357672301 
15747 337594412] [578 2137620781 5852137673043 
5748| 237595168] [5783|337621532 553137673785 
$7491337595923| |5784|3,7622283 84 [5854137674527 
57501337596678] [5785137623934] [5520137649239 5855137675269 
5751137597434] [5786137622784 '5850þ357676011 
5752137598189] [578713576245 35 5857137676752 
575 3327598944] 1578837621285 5858137677494 
5754337599699 578937626035 5859137678235 
5755137620453 5799 357626786] |5 5860137678976 
5756 37601208 5791 3976275 306 5861 337679717 
5757137691962] |5792|357628286 5862]3,7680458 
5758137602717] [5793|37929935 586313,7681199]| 
5759337693471] 1579413762975] | 5864/3,7681940 
576037604225] [5795327639934 pe ng 
57611 3,7604979| ($796|37631284 of |5866]3,768 3421 
5762/3,7605733| 15797 37632933 5867|3,7684161 
575 33,7606486| [5798 3376 32782] | 5868|2,7684901 
[57641 3,7607240] [57991376335 37 5869 3,7685641 
5765137697993 5800 337634280] [5835 60409] (5870 3,7686 381 
5766 3,7608746| 5801 37635029 61153] [5871|3,7687121 
5767357699500] [580213576 35777] 5872/3,7687860 
576837610253] [580337636520 15873 37688600 
5769337611005] [5804 357637274] | 5874357689339 
5 7791337611758 15805\3,7638022 5875137690079 
5771[397612511 5866 3,7638770| 5841 5 76, 3,7690816 
5$77213,7613263 5807 37639518 5877337691557 
5773137514916] \5808| 3,7640266 58 78 357692296 
577413,7614768] |5809 37641014] |5 þ8795769399 
(577513376155201 15810 37641707 5880247693773 


5881 


CHILIAS 6, 
Num, Logarirhns., Num © 6agrithm.| 


Num Logarithm, | Num Logarithm. 


| F881 257694512] [5916|3,7720282 9511357745899] [5986(337771367 
58821357695 25C| [591743,7721016 9952133774662 5] [5987137772097 
5883137695988 5918[3,7721750 $95 313577473509] 15988 357772818 


58841 357696727] [5919|3,7722483 9541257748088] [3989|2,7773543 
5885 237697465 $920j2,77222775 295 51247748818] [5590 337 774268 


5886127698207] [5921 327 723951, 159561337749547| [5991 357774993 
5887137698940] |5922[3,7724684 99571357750276]| [5992 
og en $92 31337725417 5958[39775100- $99*1337776443 


5889[357700416| [5924/3,7726150] [5959 37751734] [5994{357777167 
5890[3-770115 3] [5925/3,7726884 $900, 277-2467] [5995137777892 
58911[3977018g0 15926\3,7727616]| |5961 397755191] [5996 237778616 
5892[357702627] [592 357728349] [5962[357753920 59971357779240 
58931397703 364] [5928 35772908 :| [5961377 54648${ [5998 357780065 
5894137704101] 1592913729814] [5964] 337755376] [5999 327780785 
589512277048 38] [593©|:3773054;| [5965 277<6104| (6000[2,7781513 
58961357705575} 15931 327731279] [596<|33,756832] [6001 357782236 
589713»7706311] 5932}357732011] [5967 327757569 [6002 357782960 
5898|357707048| [593; 3:77 3274+| [5968|33775828g 600? 347783683 
5899(357707784 3934357733475] [5969[ 337759016 6004 37784407 
5900;357708520 (29351327734207] [5970 357759743 {6005 3>7785130 
$901(3-7709256| '5936[357734939| I5971 327760471] (600613,778585 3 
5902[35770999:] 15937 m 97213>7761198| (600713,7786576 


—— —— 
— 


>. 


——— 


—_ — — 
— —  —— 


£$0413771072e| [5938|357736402| [5973 3776192 5 65081;,7787299 
[5904[3>77711467| [5959[*5, 73/137] [5974357762652 6©Ogf3,778802 2 
190527772199 5949227737864] 597513776339] [Eoro[3,7788745 
5906[75771: 934] :59411357738596} (5976/3, 764106] 6077 397789467 
5907| 357712670 15947 5577 9326] [3977127764833] [601:[3,7790190 
59©81337714405| 594*[33774005-| [5978[2,776 5559] [601 237790912 
$9091257715140, {59441557740788] [59791243 766286| [6014 297791634 
$919237715875] 15945 [-37741519| !5980[2,776701 2] [601527 92356 
5911[2,77166: of [5940 97 14- -49] [5981125776 38] [601c|.,7793078 
9121337717344] [5947[57742979] [5982| 357768464] [601;[3,779380c 
37718079] 159481737743; Io ji98:[3,7769190] [6018 2377.94522 


5913 
5914133771881 ;| 1594912:7744449| [5984 37769916 pus 297795243 
591 5] 347719547 | Io95015,; 245008 5985'337770642] 50:c[2,779: 96 


© O21 


CHILI AS 6. 


16048{3,7816118 


Logarithm | pans Hl 


| |60- 6. 337821859 609113,7846885 


0; 


5005 


5059] 2,7823293 
;Dog WIOnnrs 
5050 
3-011 16061 
COO 21? 
6063] :5 
3] 16224] 


2/9 8. '0$. 6100 
$000] 397* 
6067 
6068|? 
60693 
6070]: 
6071 
C O72 
6073 
6074 
60751 
6076|: 
6077 
6078 
6079/2 
608012 
6O8I 
6082 
6083 
6084 
6085 757842606 


608613,7843319 
608713,7844933 
6088|3,7844746 
6089] 3,7845460 


P 


_ Logarim. 


pO 


6092137347599 
609 3137848312 


ee neem 


6094] 2,; $49024 


059! fog 397851162 


6104]: ,7856145 


| [6105 1,7856857 


6106]2,785 7568 


0913,7859 01 


—  _— 


'611513,7863965 
611613,7864675 
_ 3, 865385 
as 3,7866095 
(61 193,7866805 


| C— — 


612213,7868933 
612313,7869643 


] 16090'3,7846173 


6125'3,7871061 


726| [629 51327849737 
609613,78504 © 


609813,78 51874 
uy \6099|2,7852586 
3,7853298| [61 
| 4 (6101 2478 54010] | 

4©, (010213,7854722 
01031:,7855434 


610 2978582 9 
_ 357858990 


GIIO 27860412] | 


Lo arithm.| 


1378 71770] 
5137872479 
357873188! 
37873896 
51 301357874605 
357875313 
213,7876021 
397876730 
37877438 
3,7878146 
357878853 
37879561) 
3, 880269 
3,7880976 
3,7881684 
397882391 
37883098 
3,788 3805 
397884512 
2,7885219 


146'3, 885926 
13357886632 
37887339 


49 35788804 
16150, 397888751 


GIII 3,7861124 
611212.7861833 
$11313,7862544 
611413,7863254 


FT. 35788945 7 
337890163 
3,7890869 
397891575) 
397892281 

3,7892986 
61571397 893691 


61 20\3,7867514 
6121|3,7868224| 


hg 24 3,7870352] [6159;3,7895 102 


357894397 


mo 


- CHILI AS\ 7. 


616; 337897217 
1616139789792 7; 

16164}3,7898626 
16165[397899337 
6166 337900035 


6167 3479007 39, | 


6168357901444 


6169(3799-148 
6170 357902852 


6172357904259 
1617 332790490 3 
16174|337995666 
| $175 37996379 


| 


| Tan goa. 


133792IT114 


5197 297921815 
347922516|. 
6199\397923216 
1920013,7923917 


Fg 


O11; 16233 


51397924617 
71357925 318 


357926018 


09|3,7926718 
6210357927418 


3579281 3118 
337929517 


6214/3,7930217 


35793 0910 O916 


| (6216|3,7931615 


337932314] 
813,793 3014 


579337712 


| 6297 3579; 39 3O0O 
5228|2.7939998 
5| 16229.357949696 
623% 37941324]; 
337942091 

623%|3,7942789 
7943005 
(6234, 34794418 3 
6235337944880 


= 


6232 
6233 


6236 


6238 
6239 


6241 
6242 
6242 
6244 
624513 
6246 
6247 
6248 


6251 


6234 
6235 


6237 


6240 


PAR 
1357935110 1 

(6252 
6253 
16254 
6255 
| G36 
6257135 
16258337 


m, Logarithm. 


357945578 
33794627 


337949061 
357949757 


397952542] | 
3379532 38| 
35795 3933 


357954629 | 
337955324 


3,7956020 
337950715 
337957410 
397958105 


9250/3,7958800 
357959495] |? 
3,7960190 d 
$2796<604 


397961579 


625937 


6260 


oF 


| [Nam Tos | 


397946971]! 
357947668] | 
357948365] 


7113,7973368 
6 2721337974960 
357950454} 
257951150 


1627: 357975445 
6249157951848] 


Cas P2297: 27 


79357978995 
28012,7979596 


6290!  hogos 
| 6291 $57987197 
0292 3,7985887 
16293/3,7988577 
19 294 337989267) 
6295 327989957 7 
16296 296 337999647 
47991337 
16298: 337992027 
16 299; 2357992716 


63003,7993405\ 


357962273] 


= 


SPATE 142 
57966457] 
337967L31 
fake, el. 
2641397908517] 
PE 6 


— 


S1 


6308 


CHILI AS 7. 


Num; 


6301 
6302 


6304 
6305 
6306 
6307 
6308 
6309 
1932» 
6311 
6312 
G31 


630337995473 


3 
Gr 
6215 


27994095 
337994784 


397996162 
257996851 
357997540 
397998228 
397998917 
337999605 
3,8000294 
3,8000g98 2 
3,8001670 
3,9002358 
3,8003046 
3580037 34 


6316 
6318 


6317 


6319 
6320 


3,8004421 
3,8005 IOg 


3,8006414 
3,8007171 


6321 


6322 
6323 
6324 
416326 
6327 
6328 
6329 
6330 
63313 
6332 


6333 
6334 
6335 


3,8007858 
3,8008545 
398 O05 232 
3,8009919 
38010605 
328011292 
38011978 
3,$012665 
38013351 


358014723 


38016095 
3,8016781 


16338 


3,8005796 | 


38014037] 


398015409] 


3,8017466 


+ Num 


6336 
6337 


6339 
6340 
6341 
6342 
6343 
6344 
6345 
6346 


6347 
6348 


,,8018837 


6349, 


6350 
G35I 


16352 
16353 


6354 
6355 
6356 
6357 
6358 

6359 
16360 
6361 
6362 
6363 
6364 
6365 


Logarithm. 


2,$018152 


2,8019522 
3,$8020202 
3,8020893 
398021 578 
3,$02 2262 
3,8022947 
3,8023632 
3,8025001 
3,8025685 
3,8026 369 
3,8027053 
398027737 


348028421 
3,8029105 
348029739 
38030472 
398031156 


338031839 
3,8032522 
34803 3 205 
3,803388g 
358034571 
38035254 
38035937 


338037302 
[38037984 | 
6356 380 386K6 
636738039348 
6368 3,8040031 
636913,8040712 
63703z8041 394 


3,8036619 


{1 


:1 


| Num 


6371 
6372 
6373 
637 

6375 
6376 
6377 
6378 
6379 
6380 
6381 
6382 
6383 


6384 


6385 
6386 
6387 
6388 


6389 


6390 
6391 
6392 
6393 


6394 


6395 


6396 396 
6397 
6 398 
6399 
6400 


(G4OI 


6402 
($493 
p 404 
6405 


Logarithm. 


3,9042076 
398042758 
359043439 
38044802 
3,904548 


35804616 

3,8046845 
359047526 
3,8048207 
3,8048887 
398049568 
3,8050248 
3,9050929 
328051609 


3,805 2969 
33805 3649 
398054329 


398056368 
348057047 
348057726 
1328058405 
348059085 
338059763 
398060442 
3,8061121 
3,8061800 
3,8062478 
398063157 
38063835 
338064513 


348044121] [6 


Logarithm. 


(Ep bag. 
3 066547 
2 8067225 
38067903 
38068580 


358069258 
3>8069935 
3,8070612 
38071290 
54151333671 967 
5416| 3,807 2643 
38073320 
338 2073997 
38074674 


33805 2285 2289| 


398055009] 
3805 5688| 


3,8065191 


6420| 338075 350 


| 6421|3,8076027 


358076703 


6426 
6427 
6428 


3280787 31 
38079407 
3,808008 3 


3,8080759 


642913,808 1434 


6431 


[6432 


6433 


643013,8082110) 


3,808 2785 


3,808 3460 
3480841 26 


6434138084811 


6435 
6436 


3,808 5485 
3,8086260 


2437138086835 
6438[3,8087510 


643 


3,38088184 


6440(3,90888 59 


6447 


CHILIAS 7% 


— 


6524 


0327 
6528 
6529 
6530 


6532 
6533 
65 341338151791 
6535 


Num Num Logarithm. 


[5512 38136477 
551213,8137144 
6513[3,8137811 
651412981 58.478 
6515 248129144 
| 6516 338139811 
[9517138140477 
6518138141144 
65191398141810 

6520128142475 


390 I4. +142 
38143808 


bs 3d 146471 
338147136 


353152456 


—— 


:[35144474 
38145140 


5:25 38145805 6560 338169038 


358147801, 


656313817102; 
328148467 


6564[3,$171686 


16569|248174993 
6579138175654 
38153120 
713815 3785 
812,8154449 
238155113 

358155777 
3,8156441 
38157105 
6543] 3,81 57709 


6544 38158433 


Num LLoagrithms. 


6546|3,8159760 

5547138160423 
554813,8161087| 
554913,8161750 
6550[3,8162413 
655113,816 3076 
6552138163739 
6553138164402 
655438165064 
6555 2:8165727 
655612,8106389 
6557138167052 
6558]338167714 


6559[348168376 


556113,8169700 
656212,8170362 


6565138172347 
3,817 3009 
3,8173670| 
3,8174331 


398176315 
. Ae 


6576 IS 
0577138180278 
6578138180939 
5579] 38181599 


3,81 59090 


5580 38182259 


G581 


CHILI AS 7. 
ay | Logarithm bm | |Num|Logarithm., | lum Logarithm | __ Leagrithm. , 


6581 


. 
—— —; 


2.8182915| 6616|3,$205955 [5651 233228865 [5586 398251664. 
6582\3,8183579 6617343206611] [565213482295 27 1568719,8252313 
6583)2,$184229 5618'3,8207268| [655 2]338250175 5588 398252963 
6584138184398] [6619/3,8207924| [5554138230828] [5689]3,825 3612 
6585138185558] [6620/3,8208580]| [5655 348221481] [56590[3,8254261 
6586 298186217] (6621|38209236! 6556 390252122 5691138254910 
65871333$186877] [6622/38 209892} |56571293232786] 15692 18255550 
6588|3,8187536| [6623] 348210548] [5658138233438] 16593/3,8256208 
6589|2$188195] [6624 3,8211202| [5659 258 234090 [5694| 38256857 
659013,8188854 6ojianat9ep 5660 18224744) 56938257506 
659113,$189513 662613,8212514 666113823539 6696 348258154 
6592] 358190172 6627\ 3,8$21-3170| [6662 3,8236046] [569713,8258803 
659313381908 31 66281]3,8213825| [6667 398236698] [6698[35825945 1 
659438191489] [6629 3,82144$0] [5664 338237350] [6699138 260100], 
6595128192148] (6630]3,82151 35] [6665 393238002] |6700[3,8 260748 
6596138192805| |6631]38215790| [666513823865 3] [6701138261396] 
659713$193465|16632|3,$216445] [666738239305] [5702138262044] 
6598|3,$1941 2366333821 7100] (6668/3,82 39956] 16703 38262692] 
6599|3,81947811|66 34338217755] [666913,8 249607] [570413,8263340 
6600|38195439] |6635| 338218409] 1667038241258] (670513826 3988 
6601|3,8196097 6636 38219064] [6671] 3,824190g| [6706138264635] 
6602|3,$196755| [6637338219718] [6672|3,8242560| [6707 38265283 
66043,8197413| [6538|338220372| [667 313,82432T7} [6708]3-8265932 
5604/3,81 98071] [6639 348221027] [067413,3243862, [6709 38566578 
6605 3,8198728 6640138221681 6675  aarts 6710138267225 
6606|3,8199386| [6641338222335 6676338245163] [6711138267872 
6607|3,8200043] [6642138222989 6677138245814] [6712]3,8268519] 
6608|3,8200700] [6643138223643] [667813824646 671 31333269166 
66091|3,8201 358] [6644 3$22429 6\ 16679] 338247114] [6714 3826981 3 
661033202015] [6645 Ts 6680|3,82477551 [671513>$270460 
6611|3,8202672| [6545|338225603| [6651 348248415] [6716|3,8271107 
15612|3,8203328] [6647]38226257 6682138249065] [6717 28271753 
6613]3,$20 7985| [6648 3,8226910| 16683 348249715 16718 33272400 
$6614] 38204642] |5649|3)38227563 6684138250364] [5719138273046 
15615] 3,8205298 [6650138328218] 16685 3,3251014 [72s 38273693 


_ > ; : ; "Io tr tre 
ES, EIT Pe . = cs 5 


- ar: CE Ee an 
Ay ne 


oe, RE —<__—— SS = -- aft 4 
EDS eee CEE 
_ 9 gs 9 P 


6721 


Ho 
= x3: 
m_— Ws PR 


= ——R- 
_—— —_— en 


CHILIAS 5. 


po 
6722 
6723' 
5724 
6725 


6726 


6727 
6728 
6729 
6750 


Num Logarithm:. 


338274339 
[3.82 274985] 
348275631] 
338276277 
3248276925 
396277569 
358278214 
338278860 
338279505 
298280151 


113,8280796 


238281441 


3]3,8282086 


13202827 31 
7351348283376 


348284022 
348284665 
3,8285310O 
348285955 


TT 348286599 


38287245 
348287887 
IAN 


6744348289170 
S773 3 348289820 


39829046 3 


6747\358291107 
674833829175 
1674938292394 

6750:2,8292038 


675 


| 


I 


3482936V1 
338294324 
348294967] 


6754138295611 
6755 338296254 


| 


_ 


67561: 
6757P 
(6758 

(0759 
6760]: 
6761 
6762 
6763 
6764 
6765 
6766 


Logarithm: 


28296896 
599297539 
-,38298182 

> 8298824 
.8299467 


Num 


_— 


5791 
579? 
5793 
5794 


979512, 


Logarithm. | 


28319337 
298319977 
2,8320516 
23321255 
8321875 


£96 3ZCO1OY 
2483CO752 
398301394 
398502036 
328302678 
398303320 


6767 336303962 
6768, 353 04603 
6769338305245 
6770 38395887 
'6771/38306528 
6772138307169 
6773338307811 
67743830845 2 
6775(3$309093 
67761383097 34 
6777138310375 
677813,$311016 
6779|358311656 
678013,8312297 
6781138312937 
678213$313578 
6783238314218 
6784328314859 
6785138315499 
6186 348316139 
6787138316778 


——_ 


6782138317418 
6789 38318058 


% ctr N= =O, 


[6790 3,8318698 


6796 


6797\* 


6798 
6799 
68CO 


6801 


6802; 


6803 
6804 


16805 


6806 
6807 
6808 
6809 
6810 
6SI1 
6812 


16813 


6814 
6815 


303225 34 
98323173 
298323812 
238 324450 
298325089 


338325728 
3,8326266 
339 327005 
38 327643 
3583 28281 


3383 28919 
30329558 


358330195 
398330833 
338 331471 


348332109 
38332746 


399333384 
1398 3 34021 
398334659 


6816, 


6817 


6818 
6819 
6820 


6821 38338480 
68 22/338 339117 


6823; 


6824/38 340399 
5825/38 341027) 


1328336570 


348335296 
38325933 


3,8337207 
338 33 7844 


348339754 


Num 


6826 
6827 
6828 
6829 
6830 
6831 
6832 
6823][2 
6834 
6835 
68 36 
6837 
6838 
6839 


684038 350561 


Logarithm. 
2,8 34766 3| 
298 342299 
238 342935 
8343571 
3,8 244207 
28 344347 
3 345479 

2,8 3461 14 


398347385 
348 348021 
38 348656 
358349291 
3>8349926 


6841 
6842 
6843 
6844 
6345 


6846 
6847 
6848 
6849 
6850 
6851 
6852 
6853 
6854 
6855 
6856 
6857 
6858 


b 
(6856 


348356906 


333835 1196 
3,8 351837 
348 352465 
398353100 
358252735 
358354369 
398355003 
3,8355638 
398356272 


348357540 
398 358174 
3,8358807 
38 359441 
3,8 360075 


3,8 360708 
338361 341 
3,8 361975 


38346750} 


33363247 


6861 


CHILI AS 9. - 


Num|Logarithm. 


686113,836387 

68621348 364507 
6863[3,8 365140 
6864138365772 


68651348 366405| 


6899 
69CO 


Num Logarithm. | 


[6896;348385973 
6897 338389602 
689838387232 


,3,8387861 
3,8388491 


6$66\3,8 367038 
6867138367670 
6868|3,$368303 
686913,8368935 


6871 
872 
6873 
6874 
6875) 
6876 
6877 


38370199 
3,8 370832 
38371463 
3,8 372095 
398 372727 
338373359 
3,8 373990 
6878338374622 
687938375253 
688038375884 
68811348 376516 
68821358 377147 
6883 
16884 
6885 


3-8 378409) 
38379039 
358379670 
3,8 380 3ZOI 
328380931 
1328381562 
38 382192 
3,8 382822 
6892 348383453 
6893\3,8384083 


6870/3,8369567] | 


3-8 377778 


6894\3,838471 3| 


6gOI 
6902 
6903 
6904 
690; 
6906 


6908 
6909 
6910 
G9I1 
691 2 
69I 3 
6914 
6915 
6916 


6921 


6923 


6926 
6927 
6928 
5929 


6895 38385 343/ 


6930 


6907, 


6917 
6918 
6919 


6920 
6922 


6924 
16925 


3838912 © 
3,8 389750 
38390379 
3,3 391008 
3,8 291627 
398352206 


| 398 392895 


358393523 
338 394152 
338 394780 
338 395409 
338 396037 
3,8 396666 
3,8 397264 
3,8 397922 
3,8 398550 
338 399178 
3,8 39980 

358400433 
358491061 
38401684 
358492316 
358492943 
338403571 
398404198 


3,8404825 
338405452 
3,8406079 
3,8406706 


38407332) 


6931 
6932 
6933 
6934 
0935 
6936 
6937 
6938 
6939 
6940 
6941 
6942 
6943 
6944 
6945 


| Num Logarithm., ' 


3,8407959 
38409212 


130412343 


3,8414946 
358415472 
358416097 
348416722 


6945 
6947 
6948 
0949 
6950 
6O5I 


6953 
6954 
0955 
6956 
6957 
6955 
6959 
6960 
6961 
6962 
6963 
696. 


338417348 
38417973 
358418598 
3386419223 
2586419848 
38420473 


695 2138421098 


338421722 
38422 347 
38422971 
38423596 
338424220 
338424844. 
38425468 
358426092 
38426716 
38427349 
38427964 
3,8428588 


[6965[ 38429211 


38408586] 


384098 38 | 
348410465 | 
358411091 

398411717]. 


38412969], 
3-8413595|, 
228414220, 


9701:538432328 


Logarithm | 


384298 35 
3,8430458 
38431081 
38431705 


09913>8444772 


2132>8433574 


|-53437932 
C12,"478554 


8 38443529 


(338447877 


33843 2951 


328434197 
358434819 
38435442 
3,8436065 
38436687 
38437310 


338439176 
358439798 
38440420 
38441 042 
538441664 
3438442286 
384429 


398444150 


38445393 
3984460 I4 
3384466 35 
338447256 


38448498 
35844911 

358449739 
3,8450360 
358450980 


700L 


CHILIAS 8. 


Num 


7001 
7002 
yney 
ao. 
ny 
__ 
700 

7008 
700g 
7010 
JOI1 
7OI2 
7013 
ToIi4 
7015 
7016 
7017 
7018 


7022 
7023 
7024 
"nb - 
7026 
7028 
5029 
7030 
7031 
7032 


338451601 
38452221) 
33452841 
33945 3461 
338454081 


328454701 
398455321 
35845 5941 
238456 $61 
[3,8457180 
398457800 
338458419 
358459038 
398459658 
338460277 
28460896 
39846 ISI 5 
3584621 34 


7019358462752 
7020133846 3371 


7021/3,8463990 


3,8.464608 
38465227 
38465845 
8466463 
328467081 


70273,8467700| 


38468328 
2,8468935 
3,8469553 


38470789 


(703 5 
7034 


3,8471406 
38472024 


Logarithm | 


— 


340470171] 


7040 


7955 


p= 


7036, 38473258 
7937 
7038 


1939 


7041 
7942 
1043 
7044 
7245 
7046 
7047 
7048 
7049 
7050 
JO51 
JO52 
7053 
7054 


7056 
7057 
7058 


Py 


Nu 


353473876 
348474493 
358475110 
338475727 
328476343 
398476960 
38477577 


38478193 
348478810 
338479426 
3848004 3 
38480659 
38481275 
3,8481891 
38482507 
348483123 
38483739 
333484355 


— 


2438484970] |/29C 
11358507075 


3,8485586 
3,8486201 


38486817] 


7959; 


7060 


7061 


7066 


7007 
7068 


(338492351 
38492965 
7069, 3,8493580 
070 3,8494194 


329497436] ; 
398488047] : 
7962 3,8489277] [7© 
7063138489892] : 
7064;3,84905 07] ; 


706512,8491122} : 


398491736 


7071 
7872 
7073 
7074 
7075 
17076 
7077 
7078 


7079, 
7C8O 
7781 
7082 
708; 
7084 
785 
70E6 
7087 
7088 


Logaritbm. | Num 


38494808 
398495423 
348496037 
398497264] 
358497878 
3,8498492 


38499106] 
348499719! 
3,8500333 
38500946 
3,8501559 
348502172 
348502786 
38503399 
3,8504611 
393504624 
3,8505237 
3,8505850 
3985096462 


| ————_— | 


138512195 


38507687 
3,8508300 
398503912 
3,85C952 

3438510136 
335510748 
2,8511360 
38511972 
38512582} 


3,851 3807 
33851418 


7104 


710 5'285x5641 | 


39851503 


> 


[7 1 OE 
(7107 
7108 
7"0g 
7IIO 
[7111 
7112 
71T3 
7314 
7II5 


7116 
JET 
7118 
7119 


7120 
7I21 
7122 
7x23 
7124 
7125 
7126 
JTE7 
7128 
7129 
7130 
7131 
7132 


[328528458 


7133 
7334 
7135 


_ 


Logarithns. | 


358516252 
398516863 
338517474 
398518085 
333518696 


38519307 
38519917 
333520528 
38521139] 
38521749 
358522359 
38522970 
338523580] 
38524190 
3,35 34800 
38525410 
385260200 
393526629] 
38527239 
38527849 


38529068 
398529277 
3,85 30286 
3.85 303g5 
39853150 
3985 32113 
338532722 
3985 33331 
35553394 


7136 


3285 34548 


7035 


34847 2641) 7 


19141 


{7174338557614 
17T75 (338558210 


7191 
7192) 
Fa abs 
794 
7795 
17196 
7197 
7198 
7199 
17200 


716 31398550949 
7164338551556 
[7165 338552162 
1716613585 52766 
716713585 $3374 


17169 338554586 


a. 


710g 


398562454 
398563059 


338565476 


3,8567289 


CHILI AS 8. 
Num Logarithm.' 
————" 
7176 348558524 
8] [7177 358559429, 
7178.3,8560035 
7179;3,$560640 
7180,3,8561 244 
718113,8561849 
7182 
7183 
718413856 266 3| 
7185358564265 
7186]338 564872 
7187) 
7188398 5660B1 
7189 3,8566685 
7190 


oo 


7223}3,8587176 
7224] 338587777 
722513,8588379 


38567893 
298568497 
3298569101 
398569704 
398570308 


7226\3,8588980 


» 
—_— — — 


3,86570912 
338571515] 
38572118 
3498572722 
338573325 
38573928 
228574531] 
358575134 
38575737] 
3.85 76349] 


7206\385 76943 


398577545] 
348573148] 
348578752? 


17210 39857935 3). 


e 


h _ 


7245138600384 | 


—— 


—_——n—CRe——_— 


btn 
- 


CHILIAS 7. 


Num Lg Legerithm., [Num|Logarithn. | | Num|Logarithn. || Num| Logarichy, 
7281|3,$621910] [7316138642737] [7351134866 3464 343684093 
728213,8622507] [7317 [348643331] [7352]3,8664055 1358684681 
(728 3/2,8623103| [7318] 3,8643924| [735 3|3,8664646 1338685269 
7284;3,8623699 7319 38644517] [7354|348665 236 3»B685857 
728513$624296| {4320[3z8645111] [7355138665827 201348686444) 
7286|3,8624892| [7322|38645704| [7356|3,8666417| [7391]33$687032 
728713$625488| [7322[3>$646297] [7357|3,8667008 338687620 
7288] 3,8626084| [7 323|3>8646890| |[7358|[3,8667598 £[238688207 
7289138626679] [73 24|3>8647483| [7359]3;8668188 38688794 
729938627275 7325) 3:8648076 7360138668778] [7395[3-5689382 
72911358627871]| (7326 358648669] [7361338669368 3>868996g 
7292|358628467| [7327|348649262| [7362|358669958 358690559 
7293138629062, [7328|3-864985 5| [7363|3-$670547] [7595 338691143 
3.8629658| [7329/35865 0447] [7364|3,$671138 348691739 
3863025 3| [7339/3,3651040; [7365|3-$671728| [7422338692 215 
386 30848 7331 [38651632 7366(338672317 3,8692904 
729713,86314423\ [7332358652225] [7367359672907 38693491 
38632039] |7333/3>8652817] [7368|358673496 343694077 
17,86 32634 [7334/3865 3409] [7359 /3-5674086 33694664. 
300|3,8633229, [7335138654001] [7370353674675] 17425] 348695251 
13-8633823| [7336|358654593] [737138675264 358695837 
[3-86 34418] [7337358655185] [7372138675853 3.869642 3| 
730338635073 7338 338655777) [7373138676442 38697010 
7 3.86 35608 7339 38656369 7374348677031] 348697596 
73051358636202] [7340 38656961 7375138677620] [/47|3,8698182 
7306\3,8636797 7347 (338657552 737638678: 09 3,8698768, 
7 30713,86 37391] 17342 38658144 737738678798 38699354 
7308|3,8637985| [7343|3-8658735| |7378|38679387 358699940 
7309 3,36 38580; |7 344 38659327] |7379, 38679975 338700526 
7310| 2,86 39174 73453865 9918 7380 3,8680564 3,870ITF2 
73111386 39768 7346|3 348660509 7381/3 28681112 348701697 
7312138640392, [7347|3$661100| |7282\3-8681740] [7417/3,5702253 
731 1358640956] |/ 348139661691 7383 8622p 38702868 
314138641559, [734938662282] ,7384 38682917 18703454 
[731 3,$642143] [7350 38662973 7595 28683505 742013,8704039 
Is r 7421 


Num 


7421 
7422 
7423 
7424 
{jo ht 
7426 


7434 
14.3) 


CHIL 


14s 7. 


7428] 3,8708719 
7429)3,8709304 
7430] 398709888 
7431138710473 
743213S711057 


743 3] 398711641 
398712226 


7436 
1437 
7438 
7439 
— 
7441 
144? 
144: 
[444 
1455] 


| 


1447 
7445; 
1449 
7450 
7457 


7434 


[258716897 


14493 
398719814 


745 *} 
1745 5 


7456 


7458 
7459 
7460 
7401 
7462 
7463 
7464 
7455 
7466, 
7457 
7468 


3,8712810 


348713394 
348713978 
398714562 
38715146 
348715729 


7471 
1472 
7473 


7475 


398716313 


248717480 
338718064 
348718647 
33719230 


295720397 


38720980 


33672 I 563 
338722146 


248723311 


2,8722726 


248723894, 17 


7478 


7481 


7467 


i 


7455 


298 724476 


|Logarithm. Num Logarithm 
348704624 
393795209 
398795795 
3,8706 380 
3,8706965 


398707549 
7427 3587081 34 


7457] 


3,8725059 
338725641 
3,87 26224 
3,8726806 
348727288 
3, 8727970 
3487285 F 2 


7469 
7479 


7474 


Ron 
T4T7\3 


7479 
17480 


74S2 
[7483 
7494 
7485 
748 
7 


[7458 
4bg 
7490 


3,872913+4 
348729716 
2987 20298 


Num 


Or —— 


7491 
7492 
7493 
7494 
7495 
7496 
7497 


358745 978 
358746557 
398747237 
338747716] [7530 
398748296 
38748875 


| 


Logarithm-| 
348745 399 


Logarithm. 


398765642 
348766219 
398766796 
38767373 
38767950 
75 311398768526 
38769103 


7498 
7499 
7500 


3,87 30880 

348731461 
398732043 
338732625 
348733206 


3-87 33787 
387 34369 
3,87 34950 
398735531 
3873611 2 2 


7501 
7502 
7503 
7504 
7505 


338751771 
328752349 
398752928 
38753507 


358749454 
38750034 
338750613! [753 
398751192 


38754486, 
358754664 
38755243 
398755821 
38756 399 


7506 
7507 
7508 
7509 
7510 


3587 36693 


258737855 
[258738435 


Garrard 


398756978 
358757556 
398758134 
38758712 


7511 
7512 
T$I3 
7554 


348739016 


7515138759290 


38739597 
348740177 
358740757 
398941338 
3,8741918 


38759868 
348760445 


7516 
7517 


7518 
7519 
7350 


34876102 3 
3,38761601 
338762178 


3,8742498 
38743078 

38743658 
38744238 


398762756 
338763333 
338763911 
38764488 


7521 
7522 
(7523 
7524 


348744818 


7525 3,8765065 


38769680 
338770256 
513>87708 33 
338771409 
1398771985 
8| 348772561 
338773137 
338773713 

348774289 
2] 346774865 

398775441 

3,8776017 
451355776592 
38777168] 
358777743 
348778319 
3387 78894 
328779469 
3,8780045 
3,8780620 
3,8781195 
39878 I770 
38782345 
298782919 
39878 3494 
348784069 
38784643 


3,87852E8 


7561 


. _ 
_ *#s. ayes Sn - | ac renee ao tat - 0 
m————_—— a of ee eee rr ET US hegng x 


w- K'3; bo I. 2s - Y Sy ts Pam. oats m—__ — Wo 


CHILI AS +75. 


Num Logarithm | 


4 Num Log .arizhm. | 


7701| 3,83865471 
7702|2,8866035 
7793-3,8866599 
7704{ 348967163 
7795328567726 
7707348868854 
7708|3,8869417 
7709|3,8369980 
7719] 338870544 
7717 3,8871107 
7712|2,8871679 
7713358872233 
7714138872796 
U&S) 348873359 
7716123387 3922 

7717 359874455 
7718328875045 
7719,3 93875610 
77-0 0? 3387617; 
7721 [2,887 6736 


7722 > 8877298 
7723|39887 7860 


7736] 2,9885165 
77373883572 

7738 358886287 
7739, 33886848 
7749 343887410 
7741398887971 
7742|3,8388531 
7743| 338389092 
774435888965 3 
T145 3483890214 
7746| 38890775 
7747\3z38891 336 
774*|3,8891896 
7749138892457 
775©|3>88930r7 
775113>8893577 
775213>8894138 
7753513>8894698 
7754 3»8895 258 
7755 248895818 
7756358895378 
7757|3>8395938 
7758138897498 


[7775] 
7776} 


17789 


7772138905 32 
7773 
777413 


7777} 
7778 
7779| 


778 1þ3>891035 
7782 
778; 
774 
7785} 
7786} 
7787 
7788| 


7799 
779Tf 
7792 3,8 
779313 


Num Logarithns.| | 
1777 38904769, 


7780, 33909796] |7 


7724 38878423 775 913-8898058| |7794j3 ; = 
17725) 3,387893+| [7760|3,8898617| [7795 78301389 37618 
7726 38879547 776113>8899177| [77963 783113-893Sr72 
7727 333880109] [7762138899736] [779713 78 3213-3893$727 
7728|358880671| [776 3]3»8900296| [7798  17833]3 8939281 
772923881233] [7764|35890085 5| {7799 78343-89399 36 
7739, 38881795| 1776513>8901415| [7800 78 3 5539949390 
1731138882357] [77688901974] [7801(5;8921503| [7836|38940044 
77 321358592918 719 389925 33] ([7802j3,8922059| [7837138941498 
7733132838 3480] [776313,8903092| |780:|3,892616| þ7838[3,894205 3 
7734138384042] |7769 ta 7804 3,8923173] 1783938942607 
(77 3513238846021 [7770138904270 3805 28923729] 8 389432161 


CHILI AS 7. 


Togariim 


Num'Zogarithm. 


784113894371 5| 
7342,3944265:| 


785038948697 


785113,8949250 
7852|3,8949803 
785 3138950356 
7854 3:3950909 
[78552895746 2) 
7856\3z8952015 
78571338952568 
7858|33895 3120 
785938953673 
178601 3>8954225| 
7861138954778 
7862/358955330 
7863| 23895 5882 
7864 35956435 


78661399575 39 
786 398958091 
7868139958643] 
786g 35959195 
1870, 39959747 
7871|3,8960299 
7 Dj O851 


uo 


787313896140: 
787428961954 
7875338962500 


2| 7878;3,89641 6O 
17879,348964711 
|[7$88©3,396 5262 
7881138965873 
37] (789213,8966 364 
7893328966915 
7984 


73887, 34396911 
7889138970220 


789138971320 


7895133973521 
789613»8974971| | 


865 38956987] [799 


7877, 39896 3608 


38967466] 
788513,8968017 


7886 [ae9t 


78928] 3,896966 


789238971871 
7593138972421 
7894[3$972971 


7897358974621 
7898138975171 
78991348975721 


7901|338976821 
7992138977 37® 
7903138977920 
7904(3-9978469 
7905|38979019 
7906 228979568 
790713,8980117 
7908[3,8980667 


 __— 


790F3,8981216 
7910/38981765 


| 
7876|3,$963058| !791T 


353976271] | 


Num Logarithm 


7912 


Num 


Logarithm. 


353982374 
352982863 


7913\3,893 3412 


7914|3>8983960| 


7915 


343934509 


7916|3,8985058 
791813,89861 55 
7919138936707 
7922138987252 


——— 


7921 


7922 


3438987800 
38933348 


7973 38988397 
7924[3,89894 35 


1925 


[ * OO nm = ———— 


i ee 
\S © © 
to td» to 
COS © 


3,8989993 
338990547 
358991089 


[258991636 


7929138992184 
7932258992732 


398993279 


- 398993827 


7933138994275 


7934 353994922 
[93312»8995469 


7936[3,899601 7 
7937 38996564 


38997111 


7193913,8997658 
794238993205 


II 
de) 
E 


794113,899P752 
794?[34895Þ299 
79433289 | 4 
3,9000392 [17979 33991 9-4-5, 
[4,9000939/ '7 920 ,3390:c0_9, 


7946 
7947 
7948 
7949 


4930 


7951 
T1952 
7957 


39001486: 
3,9002032. 
39002579 
39003125 
39003671: 
3»9CO4218: 
34900476 4 
3,9005 310: 


7954139005856 


7955 
7950 


| 795; 


7950 


3,9006402! 
39006 948! 
39097494 
3>90007g 


795 91329008585) 
796c[3,90091 21: 


1 | —— —r——_— 


7951 7,900g6 70; 


7962 
17953 


7,60TO 222! 


2,90L076 7, 


,796417590TL 313 


F+. =. 
7goc 


7967 


796+ 


72490110650) 
3,9912403; 
2,901 2945: 
3,991 349 3* 


7959[3,90140 38! 


— 


7972 3901-4585" 


[-971 


349915120 


! 


[19723,9015677 


7973 


7974 3,56915 02: 


{3,J016 210 


(17975\2,9017:07 


[7976 


2990175511 


[9771329918795 


| 


$46] 7978 3,991294© 


— 


7GEL. 


_ ; Q ST ICED IE IEG 
' 
& _- 


CHILIAS 75. 


— — ——————— — 


Num Logarithm Num'Zs; Logarithm., Nam Logarirhns. egarirhn-| 
7701| 258365471 7776 a8893163 7771138904769. [7380613,$924:85 
7702\3,8866035| [7737 3;888572 7772|3>8905 326 3,802.4042 
77933,8866599] [7738 38886287] [777 3j3,8905887, [780813892 $398 
7704{3,8867163] [7739, 38886848] 17774 gong 780913, 8925954 
7795138867726] [7749 38887410] [7775]3-8907004] [781013,8926510 
7706|38868290]| 17741|3,8887971) [7776 562 30927066 
7707138868854] [7742/3,88885 31} [7777 3,9927622 
7708343869417] [7743|3z8889092] [7778| 38929178 
770938569980] [774439888965 3] [7779| 38928734 
771013>8870544| i7745| 338890214] [7789133 5138929290 
7711 38871107] [774613,8890775| [7781032891035 38929946 
7712138871679] 1774734891336] [7782|3>89 2,89 30401 
771 3358872233] {7748|3,88918g6| [7785 ax 
771438872796] |7749|348892457, [774 [358$93IFI2 
7715128873359] 1775 3>88930r7] [7785 3,89 32068 
7716j23387 3922] i775113>8893577] [7786 3,89 32623 
7717 3887445517752 tare 7787 3,09 33178 
7718/3,8875048 7753138894698] [7788 133933733 
7719, 333875610] 17754 338895 258 17789 Þ 3,39 34238 
77:9,:93876174] 17755|3>8895818| [7790 7825128934843 
7721.38876736| '7756 3-8895378 38935598 
7.722 /3,8877298 775738395938 7135893595 3 
7723138877860, \7758|3:8897498| [7 3,89 26508 
7724 38878423| [7759138898058] [77 389 37063 
7725; 3,887898+| [7760|3,8898617| | "95 3013989 37618 
77:63 8879547] [7701133899177] | 783113-893Tr72 
7727 33880109] [7762[3>8899736| [7797 38938727 
7728|348880671] [776 3] 38900296 | 3389392813 
7729; 25881233] |7764|33890085 5 779 3-8939936| 
7730, 323881795 VE5 3389014r5| [7800]: 7835139949390 
773113>8882357] [7 7688901974 7801}3,8921503 765 361328940944 
332 28832910 [7167 389025 33] [780213,8922059] {7837]3,8941498 
77333-83883480 7763 38903092] [780:[3,892616| [783878942053 
7734] 38884842] [776985 etc 7804] 3,8923173| þ Eo 
(77351323884603] [77701389042r0 r®| [3805 1,8923729| 389432161 


7841 


CHILI AS 7. 


NumſLogariim 


Num Zogarithm:. 


7841138943725 


7846 39946493 
7847 338947037 
7848 
78491338948143 


7851|3,8949250 
785 2|3,8949803 
Fe 3,8950356 
398950909 


7856\3z8952015 
78571338952568 


3,895 3673 


7861 38954778 
7862 
—_ 25895 5882 
7864 38956435 
7865/38956987 


7877, 32896 3608 
7079;3,89641 60 


7342[3,3944255| 
7843]39944322| 
7844133945 376}þ | 
7845133945 929}þ [7880 


35947590} 


7850 28948697 17 


7888] 3996966 


6a 5138951462] 


78 58135895 3120: 
785 
[786C 3>8954225| 


358955330 


_ 328957539 
7867135958091 
7868359958643 
{786 93-8959195 
7870 38959747 


7871 3,896 0299 


787 3132896140: 
7874 28961954 
7875 


7872 3896085 1| 


3338962506} | 


- 


Logarithm | 


Num Logarithm. 


791113,39823I4 
7912 
[7913] 


352932863 
358933412 


7914138983960 
7915 
7916|3,8985058 
7917138985606 
7918|3,8986155 
179191348986703 
792938987252 |7955 


343934509 


7921 


To 79*3 


7922 


10779] [7925 
7891 38971320 
7892138971871 
7893|358972421 
7894138972971 
7895139397 3521 | 
7896 34897497 T| i 
7897358974621 
7898|3>8975171 
7899138975721 
7990138976271 
7gOT 358976821 
7902138977370 
7903138977920 
7904139978469 
7995 3,8979019 
7906 328979568 
7907|3,8980IT7 
[7 908[3,8980667 


L 


348987800 
3-8938348| 
33989883897 
7924138989435 
3,8989997 
3>8990547 
7138991089 
2>8991636 
7929134899218. 

179 3© tBoolwes 
3258993279 
793-13»8993827 
7935138994375 
7934 3538994922 
[935128995469 


35899601 7 
713>8996564 
793%|:38997111 
38997658 
Fu 33998205 


794113,895Þ752 
7942 [3,8959p299| 
7943[3,89 


794413,9900792 | 
[2,9000939 


1795 
7955 


T9357 


7946 329001486, 
7947 
7948139002579 
7949[3,9003125 
4949 
7951 
7952139004764 
795 egoeys 


3,90020 } 2 


39003671! 
33599CO4218' 


2,9005856 
3,9006402! 


79561339006 a 


3,900 1494 


7955 3,900t079 
1795 939008585) 
796C [2,90091 21: 
7951]? 7290096 70; 
7962 79010222) 
17953 2,901076 7, 
79641 790TI 314} 
298572 »9011050) 


—— 


1797213 


796c 
7967]? 
7965 3,9913493 

796913,90140 38 
79793 
7971 39915 JI25 


3 GOI2 403] 
9912948 


.gO1 4535) 


3,9015677 


79733,99016216) 

17974 245 Or5 02 
(17975'2, JOr 7: 07: 
[7976/9017 55 1 
[79771329919 795) 
846 | (7978 329917 946 ©: 


7979 3990194455 
fl 7 F420, 3320 ,3ZZgCicO 9, 


TOE. 


7984 
7985 
7986 
7987 
7988 
" 17989 
7991 
7992 
7993 
7994 
1995 
7996 
7997 
7998 
7999 
$000 
$001 
8002 
8003 


38005 


8004 


Num! Logarithm 


7981| 2,9020572 
7982] 2,902IT1 
798 3)3,9021661 


Peg 


/ 


399022205 
399022749 
349923293 
390238 37 
39924391 
359024924 
3,9925460 
319026011 
329926555 
3,902709 
3499027641 
3,9028185 
399028728 
399029271 
39029814 
399930357 
349930900 
359931443 
349031985 
3,90 32528 
399033071 
3,90323G13 


Joos 


[3orn 


3013 


3012 


$014, 
301 5| 


39034150 


3007, 399034698 
8008 
3cog 
8010 


329035241 
3,9035783 
349036 325 


3,99 36367 
3z90 37409 
399937951 
329038493 
39939035 


3021 
8022 


8023 


$025 


8029 
8030 
8031 
8032 
8033 


8035 


|Num!Zogarithm. 
$016 
8017 
Jo18 


8019 
8020 


8024 


$026| 
8027 
8] [8028 


18034 


19036 


CHILIAS 8. 


329939577 
3,904orrnig 
3,9940661 
23,9041 202 
399041744 
3,9042285 ) 
3,90428 27 
399043 368 
359043909 
39044450 
3 aces 
399245533 
399946074 
399246615 
399947155 
3»9047695 
3599482 37 
39948798 
399049318 
329049859 
399950399 


8037 
8038 
8039 
8040 


399050940 
3,9051480 
3,9052020 
39052560 


9045132905 5261 


713>9056 341 
13,9056 880 


33905 3IOL 
32905 3541 


359054181 
339054721 


— 


29905580T 


3,9057420 
39057960, 


j 


3055 


$061 


8063 


Nam 


8051 
$052 
805 2 
8054 


8056 
8057 
8058 


8059 
8060 


8062 


8064 
8065 
8066 
8067 
8068 
8069 
8070 
8071 
8072 
8073 
8074 
8075 
8076 
8077 
8078 
£079 
8080 
$081 
8082 
8083 
$084 
8085 


399058498 
3,9059038 
329059577 
399060116 
399060656 
3,905 I I95 
390617 34 
399062273 
ning I2 


Logarithm.| 


329063 2511 | 


Legarithm. 


329977337 
329077874 
399078411 
349978948 
329979445 
3,9 0BOO22 
39080559 
3-90810g5 
399081632 
39082169 


39906 2889 
349964428 
349964967 
39065505 
399066044 
rr rn ern nn ann 
399066582 
399067121 
39967659 
39968197 
399068735 


3,9069273 
399069812 


399070350 
399070888 
399071425 
39071963 
399072501 
3,9973038 
399073576 
39074114 
359974651 
3,9075188 
3,997 5726 
3,9096263 


3,908 2705 
35908 3241 
2,908 3778 
259084314 
3,9084850 
359085386 
39985922 
339936458 
329086994 
3»90875 30 
399088066 
399088602 
3,90891 37 
39089673 
39090 20g 


329090744 
399091279 
3-90gI815 
39092350) 
3,9092885 
3,9093420 
329993555 
359094490 


3,9976800 


359095025 


| 


39095 560| 


8121 


Legarithm.| 


1329097165 


$12612-9998768 


1 261339104109 


3,9096095 
3,90966 30 


349097699 
3,9098234 


3,9999303 
3,9099837 
399100371 
3,9100905 
399101440 
39101974 
329102508 
3991 03042 
359103576 


3,9104643 
349105177 
3>9TOF7IO 


39106778 
399107311 
3,9107844 
3,9108 378 
3,91 O891 I 


3991 09444] 


399109977 
3,9TIOFIO 


399311047 


399111576] 


9,9112109 
3,9112642 
359113174 


3,9106244| | 


2,9113707 


13,9114230 


815 

$158 
8159 
$160 
$161 
8162 
8163 
3816 

816 

$166 
8167 
8168 
8169 
8170 
8171 
8172 
8173 
8174 
8175 
8176 
0177 
8178 


Num|Logarithm. | 


CHILI AS 8$. 
Nui Logarithms., 


$156'349114772| 


399I15 305 
3,9115837 
399116369 


399116902 


399117434 
399I I7966 
39118498 
3911903O 
329119562 
399120094. 
3,91 :206 26 
39912I157 
399121689 
3,91: 22220 


3,91: 22732 2 
399123234 
39123815 
3,9124346 
329124875 
329125409 
399125940 
3,91 26471 


8179 
8180; 
$181 
8182 
$183 
$184 
8185; 


3188 


$190 


318g, 


39127002 
399127533 
39128064] |; 
39128595 
359129126 
329129656 


$132975 30187] 
$196'3,9130717 
3187. 


3,91 31248 
3,91 31778 
3,91 32509 
3,9132839 


"8212 


;8217 


8191 
8192 
8193 
$194 
3195 
8196 
8197 
8198 
8199 
8200 
8201 
8202 
$203 
3204 
8205 
3206]; 
8207 
8208 
8209 
8210 


3,91 38608 


39133369 
3,913 3899 
391 24430 
3991 34960 
3291 35490 
3,91 36019 
39136549 
3,91 37079 
3,91 37609 


39138139 


39129198 
39139727 
329140257 
39 140786 


| $234 


39141 315 
391418 

399142373 
399142903 
399143432 


8211 
$212 


8274 
8215 


'$216|? 


($218 
8219 
$220 
$221 
8222 


399143961 
399144489 
229145018 
3»9145547 
239146076 
399145604 
399147133 
299147661 
3,914S1 90 
3914871 & 
29149 3g6 


9199 
3>9150:Þ3 


38223 
($224 


8225 39151359 


399150831 


[Num 


Fs 


[$226 
'$2.27 
8228 
$229 
$230 
82.31 
8232 
8233 


(8235 
8236 
8237 
82338 
8239 
8240 
$241 
8242 
5243 
3244 
8245 
$246 
$247 
$248 
$249 
$250 


399161927 


Logarithm. 
39151887 
3»9152415 
39152943 


359153471 
32915 3998 
399154526 
39155054 
359155581 
39156109 
3991566 76 
359157103 
3,91 57691 
399158218 
3,91 58745 
399159272: 
39159799 
3,9160326 
3,916085 3 
339161320 


39162433 
399162960 
3,916 3487 
34916401 3 
239164529 


8251 
5252 

18253 
53254 
$255 | 
8256| 
5257 
38258 
8259, 
$260 


| WETGTES 


1359105066 
(339165592 
249166118 
3z9166C 45 
399167177 
399107697 
25916022 2 
3-916874g 
3291092 T5 
2,9169%00 


$261 


Num 


- = — 


18261 


Logarit 


DD 
3,9170320 
$262j3,917985 2? 
$26 33,9177 378 
$264 349171903 
8265139172429 
$2661 249172954 
$267 349173479 
8268|3,91740"5 
82693991745 30 
Eno 


—IR— 


8271 399175580 
$272|299176105 
8273 pan 
8274133917715 

B2-75(349 17 7680 
$276\391 78205 
8277329178730 
8278319179254 
8279359179779 
$280| 399180303 


rel 80825 


$282|2,9181352 


$28 3139181877] | 


828434918 2401 
8285139182925 
$286\ 3-918 3449 
$287|399193973 
$288|3-9184497 


$289\ 399185021] 


3296(3,9138687| 
3297 
3299329189734 
$2.99, 39199258, 
3$30O, 3391 go781 
$ 3011399291 304, 
3302139191827| [$337 
3 3031399192350 


8290329195545 
$29113,9186069 
$252|3,9196593 


8293|3,9187117 
$8294\3,9187640 


8295139188164) [8330 3,920645® 


CHILIAS $: 


\Logarithn. | Num Logerithw. 


8331 399206971 
$33213,9207493 
83331392080 
$334 349208535 


399189211 


3304|399192873 
$30513>2193 396, 
830539193919 
Fs gt 8 342|359212702 
$308|3,9194955| |$343|33921 327® 
$309/3-9195488] [8344139233745 
8$ 310/399196010 $345|3,9214263 
311 39196533 $346|3,9214784 
8 312|3,9197055 8347 3,921 5304 
$313/3,9197578| |$ 3481349215824 
8349139216345 
8350]3,9216865 
$351 3,9217385 
8352 
8353 
8354 
8355 


3 340,33921 1661| 
$ 3411399212101 


399218425 


8$320j3,920T23 3 


8321359201755 
8 3221349202277] 
$3231399202799 
83241396203 321 
8325 399203843 
8316139204364 
8 $27, 339204886 
$3:8|3,9205407] | 


$32913,9205929\ 


OC eo TNSITES 


8356 329219984] 
8357|3,9220504 
$35813,9221024 
8359, 399221543 
[$360 3,92 22063 
836113,9222582 


—— ——— 
CPE I IEA Er Ee 


$372139228292 
8373139228811 
8374139229330 
8375139229848 
$ 3761399230367 
8377139230885 
$37813-92 31404 
8379339231922 
8380 349232442 


1$ 3841359234513 


1838613,9235549 
349217205] [333 


3,9218905] | 
399219465 


18391 


bi 
a 
Y 


TED Gy 


838113923295 
$ 382135923 3477 
8383 HO2S2009 


8385139923503C 


329238137 
3392139238655 
39313492 3917* 
8394 34923969? 


$395 3,9 249207 


329241759 
3,9 242276 
0 3,9242793 


CHILIAS 8$. 


|Nam|Zogarizbm. |Num|Logarithm. |Logarithms. 

3:926236e| |$471]39279347 39297254, 

3,926188q| 18472[3,9279859 329297764; 

5/3,9262395] [8473139280372 299298275 

3-9262910]| [847413,9280B85 39298785 

440 3,926 3424] [8475139281397] |8510[3,9299296 

44139263939] [8476132928 1909 39299806 

| 34926445 3} 1847739282422 3,9 300310 

443| 3,9264968| |8478[3-9282934 51339300826. 

7444| [9444 39265482] [8479135928 344C 4\ 399301336 

B, 479 B443|2:9265997 8803-928 2959] |8515|3,9301847 
18413/3,9248476| [$446\3,9266511 $481] 39284471 851612.9302357 
$412(3-9248993| (8447\3,9267025 "Nw 3923498 3] [851713,9302866 
2413/3-9249509| [84481392675 39] [$48 713-9285 495 129393376 
241 4|3-9250025| |844913,926805 z| [8484| 39286007 22704296 
$415|39250541] [$450[229268567] [$485|329286518 3930439 
8436/3092 1057 845 p 399209087 8486{3,9287030 2,9 304906 
8$417/3,9251573| [8452139269595] [8487] 329287542 [399305415 
841813925 2089] [845 3] 39270109] [8488[3,9288054 31349305925 
819/39252605] [8454392706 22] 8489] 39288565 41329306434 
8420130925 321] 1845513392711 36] [8490329289077] [8525[3,9396944 
Bg2a[2,925 3637] (34563,9271650| Bag1|3,92895 88 39 397453 
8422/32925415% 45 713927216 3| (849 2|3,9290100 329307963 
3423 39254668] [845 8[3,9272677] [849 3|339290611 3,9308472 
42435925518 f39273190] \8494[3,9291123 1329 zCIgBT 
825 2-90 99 [329273704 [329291634] [© 5301339309499 
ByjaG (320256215 T|359274217 339292145] [053113,9309999 
' (8427139256730, 18462[3;9274730| 1849739292656] |85 32]3,9310508 
(8428139257245 ,[9« [329275243 6490 3,9293167]|| 2,9311017| 
2: ap 3P257767| 4041359275757) $4991359293678 439311526 
29258276) 134651359276270, i8500|3,9294189\|8535]2,9312035 
[F82 #39258791] (8466[34927078 3 [8507 3,9294y 00 3,9 312544 
f8233213Þ259: 67139277296] 18502, 3,9295þ111(85 3713,931305 
18439} 392598211 [8468139277808] 8503[3,9295þ22/|35 383,931 3561 
[84341392603 pate! ct 275321] |850413,9:96233||85 39139314070 

J8435[ 399260837! [847013492788 34] [85051359296742| 1541259314579 

rs Vv 


8541 


CHILI AS 8. 


8544 
8545 


Num! Logarithm | 


Num| Logarithm. 


Num 


'Logarithm. 


$541 39315087 
8542|3,9315596 
8543/339316104 


3493216612 
399317121 


8546 


8547 
8 548 


8549 
8551 
8552 
8553 


8555 
855< 


$550 


8554 


8557 
8558 
8559 
8560 
$561 
8562 
8563 
8564, 
8565 
8566 
8567 
8568 
8569 
8570 
3571 
8572 


$57 
3574 


VI 


329317629 
349318137 
359318645 
399319i53 
39319661 
399320165 
3,9320677 
299321185 
359321692 
3599322200 
399322706 
399323215 
399323723 
3993242 3O 
39324738 
399325245 


3,9326259 
2,9326767 
399327274 
3,9 327781 
399328288 
39328795 
399329301 


39330315 
399330822 
39331328 
3-93 31835 


8590 


359325752] 


2993298O8| 


18 og 


8576 
$577 
8578 
8579 
ho 
8581 
8582 
8583 
8584 
8585 
8586] 
8587 
8588 

$589 


8591 
8592 
8593 
$594 
3595 


[39332848 


359333354 
3933 3860 
399334367 
399224873 
399335 379) 
399335885 
339336391 
399336897 
399337403 


39337909 
329338415 
39338920 
399339426 
399339932 
359340437 
39340943 
329 341448 
3934195 3 
39342459 


8596 
8597 
8598 
8599 
86C0 
$601 
$602 
$603 
38604 
8605 
$696 
8q>7 
8408 


399342964 
39343459 
39343974 
329 344479 
3-9 344984 
39345489 
39345994 
39346499 
329347004 
1329347509 
3934801 3 
349348518 
359349023 
329349527 


8610 


1575 329392 74 


18617 


8612 
8613 


8615 
8616 


L618 


8621 
8622 
8624 
8624 
8625 
8626 
8627 
8628 


8631 


8641 


8614. 


8617 


8619 
8620 


8629 
8630 


8632 
8633 
$6 34 
8635 
8636 
8637 
8638 
8639 
8640 


8642 
8643 


8644 
8645 


3,9 352049 
399352553 
3-935 3057 
329353561 
39354065 
399354569 
39355072 
329355570 
349356080 
399356584 
39357087 
3993 57591 


8646| 
13647 


329358095 
399358598 
3993591IO1 
39359605 
329 360108 


33936111 
399 36161. 
3,9362120 
349362623 


39363126 
39936 3629 
329 364132 
329364635 
399365137 
39365040 
39366143 
349366645 
329367148 


"Sem 
7 


Num|Logarithy: 
399368182 
39368655 

399369157 
864939369659 
865013,9?JOIGI 
339370663 
399371165 
359371667 
359372169 
3393726771 
399373172 
132937367 
39374176 
329374677 
399375179 
39375680 
339376182 
329376683 
39377184] 
329377086 
329378187 
39378688 
329379189 
39379690 
_—_ 


329380692 

39381193 
8673139381693 
867413,938219 

8675139382695 
8676139 383195 
8677135938 3696 
8678139384196 
8679139384697 


$648 


8652 
8653 
8654 
8655 
8656 
8657 
8658 
8659 
8660 
$661 
8662 
8663 
8664 
8665 
$666 
8667 
8668 
8666 
8670 
$671] 
8672 


39367650 


j399 350032 


868012,9385197\ 
$631 


CHILI AS 8. 


Logarithm., ( 


349385698 
349386198 
3-93 86698 
3,9387198 
3,9 387698 


613,9388198 
(399388698 


3,9389198 
3-9389698 
3,9390198 
3,9 390697 
349391197 


869 3(39391697 


3,9392196 


3,9392696 


399393195 
399393695 
359394194 
39394693 
39395193 


349395692 
399396191 
359396690 
3,9397189 


39398187 
399398685 


$12,9399184 


399399683 


2 3,2400182 


Num ogarithm | 


8716 
8717 


8718) 


399403172 
_ 3670 
399404169 


8719329494667 


8720359 


39405165 
399405663 
399406161 
39406659 
329407157 
39497654 
39408152 
3,9498650 
399409147 
39429045 
399410142 
329410040 
3994II137 
399411635 
399412132 


39412029 


399397688] | 


[329413126 


39941 3623 
399414120 
3,9414617 
3-94I5I 14 
399415611 
39416108 
349416605 
399417101 
39417598 


= 


8755 


8765 


Num|Logarithm | 


8751 
8752 
8753 
8754 


359420577 
399421073 
329421569 
399422065 
359422561 
399423055 
399423555 
8758139424049 
875939424545 
$760, 3,942504! 
8761, 359425537 
8762349426032 
8763 399426528 


$756 
8757 


8764 399427024! 
359427519 
3994: $oN« 5| 
39428510 

: 29429005 
529429501 
- 9429996 
39430491 
399430986 
39431481 
399431976 
359432471 


8766 
8767 

8568]. 
8769 
8,70 
8771 
8772 
8773 
$774 
8775 


399400680 
359401179 
39401677 


3,9402176 
39492674 


2,9418095 
349418591 
3,9419088 
349419584 
'3,9420081 


8776 
8777 
8778 
8779 
878C 
8781 
8782 
8783 
8784 


39943 2966 
3943 3461 
329433956 
39434450, 
39434945 
329435440 
399435034 
329436429 
229436923 


mm 


8785[3994 37418 


Num 


8786 
8787 
3788 
8789 
8790 
$791 
8792 
3793 
3794 
8795 
8796 
8797 


8798 


8795 
$8800 
8201 
8802 
880; 
8804 
8805 
$806 

8807 
8808 
8809 


8811 
8812 
8813 


CO CO 


8815 
$816 
8817 
8818 
8819 
882 


8810 


814 


013,945 4686\ 


Logarithms\ 


39437912 
394 38046| 
39438900, 
3>9439395 
39439889 
349440383 
349440877 
349441 371 
39441865 
29442358 
39442852 
39443 346 
39443810 
*29444333 
: 294448 27 
39445 320 
359445814 
339446 307 
359446800 
329447294 


39447787 
39448280 
39448773 
399449266 
39449759] 
329450252 
39450745 
399451238 
39451730 
339452223 
399452716 
(3,945 3208 
39945 3701 
359454193 


V V- 3 


8321 


Num|Logaricom-y Num Logavithm. | Logerithons.| 
—_—_— OY gs 
8821139455178] [8856 359472376 3$926}%,950656g) 
8221209455677 8857133947 2866} | 892.7þ39507055 
$2 3/2945 616 3] [858135247 3357] | $928þ3,95075 42 
$2413,9456655| [8591329473847 8929439508028! 
8825139457147] 9862 3:2474337 $9 30}3,95085 25 
$261394576 39] $86113,9474827, | [89 33|39509001 
88 27/3494581 31] [$8621339475 377 3932139509487 
$28|3,9458625| 18863 893 3þ3-9599973 
8291349459115] 8864 8934[3-95 10459 
$8 30/329459507| [5865 $900 3, | '8935}229519946 
$3113,9460099] [8866 8936139511432 
$32/3,9460591] [5867 8937439511918 
$33/3,9461082 8868]: \$93863-951245 3 
$34 3.9461 5.74] [$869 $93943-95 1288 
$8 25\3,9462066| [88701394 339| 89403-95337 
$3 361339462557] |$87113-9479726| 3,9496827, 394213,95 1396 
88 37329463048 [8872139450215] 359497 314] (394213595 1434 
$838 329463549] [8873] 329450705 39497802] 894313295 14872 
8839 39454931} 3874 329481194 [5909 3,9498 290| 8944/3295 153k 
$840 39454523] [8875132941654 3 | $945}32951 F803 
$941 329465014] [8876|3,9492173j 39499264 $946}3,951628 
$342 339465 505| [$87 71329482662 39499752] (894713,95 16774 
88.43 359465996] |8878|39483151 3,95002 3A} (8948}3,95 1726 
39466487] [$379]3,94$ 3641] | 3,95 007326] (894913,95 1774 
$45139466978) [$880/3,9484: 39] 82151329521213] B9503-95182 3 
N346 29467409) ($88113,9484619) [8916] 3,9501701) B95 T3,95 18716 
$847 3,9467960| [8882|3,9485108 [891713,9502188 895 21349519201 
E $49 349468451] $883[329485597 3,9501675| 8953)3995 1968 
$849 349468942] [8884 39486085 349503162| (895443495 20772 
£8503,9469433] [9885139486574] £92213295 23049 895 513,95 2065 
$851/3-9469923] |$88þ13,948706 3 3395041 35| (8956|3,95 21141 
8852/299470414| 888]1 34948755 3295 04622 895 743,95 21626 
885 3/2,9470905] |$888|3,948 2339505109] [8958130522117 
8854 39471395 $889;3,9488529] [99241359505 596} 9591395 22595 
$855.3,9471886| [$890/3,9489018| /892512,9506082 [896012,95235080) 


I == 
$961t34952356 i 


96 31395245 3 


964(3,9525018} 


229527924] 
39528409 
329528893 
1329529377 
39529861 


Gon TOarnne] 


ora2796 
$97943,95 32280| 
D9F327CS | 
3:95 33247 
329533730] 
3295 34214] 
3-95 34697] 
3495 35181 | 


3,95 35664 


994139953953 
P995139549272 


$8962 [3,95 24949 2997 


8965[3,95 25503} [9290 
| geOT 
: [9002 


| (9003 
| [9004 


329530345} Cm 


il 9025 


| |[902$; 


=” Ad 


== 42494] 
739549977 


O nA 
OZYZIF] 


a Mn. £2 a. 


GUUVLU 


39543872] 
339544355] 
39544937] 
39545 3x9] 
329545802} 
399546284 
399546766 
39547248 
329547732 
39548212} 
go1 31359548694) 
9014'359549I76} 
gol 9015139549657 £71 
go16 3295 $O1 39 
9017129550621 
9OI8;3,95FT102f 
go019 
:9020,3,95 52065 
902113,95 52547 
9022[3,955 3028 
9023/3955 3510 
9024139553991 
3495 54472 


39554953 
329555434! 
329555915 
39556397 
3,95 $6877 


_ 
9goos 
go07 
9 
900g 
goto 


gOII 
gOI2 


—_— —_ —_—_— ——— 


9026 
9027 


9029] 
90301395 


98 9813,9541460| 
29541943], 
3,9542425 | = | 
39542908] 
329543 390] 


[9034 


goo] 


3,9551584} 


bs | [Nu |Logarithm. (1 
[gc66 


9031 329557358} 
9032129557839 
90331249558 320 
3,95 58800| 
359559282] 


13,955 9762} 
3,9560243| 
[329560723] 
39561204] 
29561684] 
399562 65 
399562645 | 
399563725 
39956 3605 
[329564686 


9035 
9036 
9037 
g038| 
9039 


9041 
9042 
9043 
9044 
9245 


Num 


<_k 


9067] 
go68k 
906g] 


9071 
9072 
907 
907 
9075 


9076] 
9078 


39564566} 
3,95650.46| 
359565526} 


g046 
9047 
9048 
9049] 
9050 339566486| 
905 I[3,9566966f 
905213,9567445| 
905 31259567925} 


9954[2,9568405| 


9055 9955 3,9568885 
9056 39569364] 
9057| Cds. 
9053 [3,95 70323 
9059 3957080: 
9060/3295 I282| 
gooT\3,9571: 
90621329577 41 
906 3|3,9572720 


Cn 


9082 
9083 


3,9566006|f (9084? 


9085 
9086 


9088! 


9Ogc 
9091 


9093 


9064 39573199 
[ge65\3,9573678 


9070 


_ hens 


9077 


9079] 
go80| 
gO8 x| 


$087 
go89 


9092 


9094 
909513295 88027 
| 9096 3,9588505 
9097139588983; 
gog8f3,9589459 

©9913,9589937 
9100{3,9590414 


Logarich. | 


29574157 
329574636 | 
329575 TIF 
329575594] 
339576073 
359576552} 
329577030| 
39577509} 


5139578466] 


359578945 
39957942 3 


29580380 
249580858$] 
329581337 
3,9581815 
2,9582294 
3,9582771} 
39587 349 
329583727 
349584205 
3,9584633 
399585161 

3,958 32958563s 26 
3995 29586117 IT? 
359586594 
39587972 
329587549 


Q10T 


3,957 3988| 


39579902] 


mſLogarithm. 


359590897 
3,99591 368 
3,95 91845| 
399591322 
3495 92799] 


9106 
9107 
9108 
9109 

IIO 
_ fg117 
90112 
gIT 3 
9114 
9115 
JYIIG 
6117 
9118 
9119 
220 
9121 
9122 
12; 
90:4 
912 
9126 
9127 
9128, 
9129 


9131 
9132 
9133] 


359593276 


9139 


9134 


359593753 
399594230 
399594707] 
349595184]. 
359595660 
39596137 
3-95 96614 
39597090 


39597567] 
19151 
9152 
9153 
3154 
8| 19155 
9156 
9157 
9158 


299598043 
349598520] 
3,95 98996 
3295 99472] 
3.959994 
3,9600425 
39600901 
349601377 
3,9601853 


3,9602805 
3,9603280 
3596 03750 
4996004232 
29604708 
39960518 3 
329605659 
3990061 35 
349606610 


12235 


3,9607086| 


MOT 
9136 
191.37 

9138 
9139 
9140 


OO —— 


9141 


3.9602329| (9160 


— 


OD — 


916 


9142 
9143 
9144 
9145 
9146 
9147 
9148 
19149 
9150,3,9614211 


2,96 0756 I 


399609462 
299609937 
399610412 
329610887 
299611362 


299012312 
3,9612787 
3,9613262 
349613736 


399614686 
399615160 
399615635 


Logarithm 


3,9608036 
39608512 
3,9608987 


349611827 


339616109 
329616583 
296 I7058 


399017532 


1916$13»9621799 
399622272 


9169 349623220 
9170 3,962 3693 


3,961 8006] 
015913.96 18481 

9160[3,9618955 
91611349619429 
9162139019903 
'QIG 3 349620377 
[91641396208 51] | 
9165[339621325 


| 


[9175 


9171 


9173 
9174 


9176 
9177 
9178 
9179 
9180 
9181 
9182 
9183 
9184 
ay 
9186 
9187 
9188 
9189 


9191 
9192 
9193 
9194 


92195 


9198! 


9199 329637406 
gn 9200 3,96 37878 


9201 


'9202, 2,96 38822 
9203; [3,96 39294 
9208 
9205 


Num|Logavithm. 


9173 


9190 


9196 
9197 3,9636462 


349624167 
3,9624640 
399625114 
329625587 
3,9626061 
3996265 34 
3,96 27007 
3,96274S1 


329627954 
329628427! 
399628900 
329629373 
399029846 
329630319 
3990 30792 
3496 31 264 


349632210 
3,9632683 
329633155 
329633628 
3996 34100 
339634573 
329635045 
3,96 35517 


329635990 


3996 36934 


329638 350 


3,9631737| 


13296 39776 
399640238 


j1Num| 


9206; 


920 
9208 
920g 


19210 


92I1, 
9212 
9213 
9214 
9215 
9216 
9217 
9218] 
9219 


9220 


9221 
9222 
9223 
9224 
9225 
9226 
9227 
9228 
9229 
9230 
9231 
9231 
9233 


9235 


9238 
9239 


9234 


9236 
9237 


9240 


3,9640710 
349641181 
3,964165 3 
39642125 
329642596 
3,9643068 
329643539 
399644011 
399644482 
32964495 3 
229645425 
529645896 
39646 367 
3,96468 38 
9220139647 309 
3:9047780 
39648251 
39648722 
39649193 
39649664 
3,9650134 
39650605 
3,965 I 076 
3,96 FI 546 
329652017 
329652488 
329652958 
3,90 53428 
3-965 3899 
349654369 
39654839 
3,9655309 
3965 5780 
329556250 
329656720] 


924r 


Num 


[3,9659069 


5139663764 


Togaritim. 


13,96571.90 


3,96 5766c] [9 
3,9658130 
349658599 


399659539 
3,9660C09 
39660478 
349660648 
3,9661417 
3,9661887 
339662356 
3,9662826 
3,966 3295 


SI <6(339664233 


349664793 
399065172 
39665641 
3,966611C 


399666579 


3 3,9667517 


3,9667048 


39667985 
349668454 


2,9670797 


349669392 
39669860 
39670329 


3,9671266 
$,96717 34 
399672203 
349672671 


139673239 


927d 


[9291 
119292 


19308 


= 
ond: 
9279 
9280 
9281 
9282 
9283 
9284. 
9285 
9286 
9287 
9288 
9289 
92.90 


9293 
9294 
9295 


Num Logariziom. 


39673607 O7 
239674076 
399674544 
35957 J OI 2 


39675480 


359675640 
3,95676416 
3,9676883 
399677351 
396778 3I9 
32967824 287 
329678754 
359679222 


3,96799 90 
3,95801 57 
3,968062 5 
399681092 
39681559 
3,9682027 


39682494 


9296 


9297 
9298 
9299 
9300 
En 
9301 
9302 
9303 
9304 
DIST EVE 
9306 
19307 


3,9682961 
3,968 3428 
3,968 3895 
39684362 


1349684329 
3,9685 290 


349685763 
399686230 


3,9687164 
3,9687630 
2,9688097 
3,9688564 


19309 


9310 


3,9689030 
3,9689497 


Num' 


Gann 


9312 
9313 
9314 
9315 


Logarithm.| 


113,968996 3 
3,9690430 
39690896 
2,96 91 362 
39691829 


9316 
9317 
9318 


9319 


9320 


3,9692295 
349692701 
3,9693227 
3,969 369 3 
349694159 


9321 
9322 
9323 
9324 
9325 
9326 
9327 
9328 
9329 
9330 
9331 
9332 
9333 
9334 
9335 
9336 
9337 


9338 
9339 


2349 


[32969462 3 
3,969509! 
349695557 
39996023 
339696488 


299696954 
359697420 
349697885 
349698 351 
349698816 


"It Num Logarithm- | 


9346 
9347 
2248 
9349 
9350 
9451 
9352 
935: 
9354 
9355 


9357 
9258 
9359 
2360 
9361 
9362 
9363 
9364 
9365 


359706228 
39706732 
339707187 
32970765 2 
3597OBIIe 
359708581 
399709045 
399709505 
399709974 
39710428 
399710992] 
359711366 

39711830 
39971229 94 
39712758 
359713222 
39971 3686 
39714150 
39714614 
349715078 


33969925 2 
349699747 
399700213 
39700678 
3297OII43 


339701608 
399702C74 
349702539 


2,9703004 


19341 
19342 


3497 $9 34 


34970-1399 


1934313297 04863 


9344139705 328 


9345 9795793] 


349793469] 


—_——— 


[928 


9366 
9367 
9368 
19359 
9379 
19371 
372 
2373 
9374 
937) 
9376 
9377 
9378 


399715 542 
399716005 
399716469 
399716932 
349717396 
3,9717859]- 
339718323 
39718786 
349719249 
399719713 
349720176 
3497206 39 
34972 LI1O2 
791329721565 


$03,9722928 
—————_—_———_ nn nt 


9331 


CHILI AS 9 


"Logarithm. mn. | 
[3,9 722493 


399722Þ5 


T ATI $727018 


94r0 
lager 
9412 


339723417] 


39927584 | 


39729892 
3597 30354 
_ ZO816 

339731278 
3397 JT Fl 


397 $2202] |, 
[3597 32664; 
404139-7 33126| 
39733598] j9: 


3597 34050 


39728043] ; 
397 28506| 
13,97 2V668| | 


359729430 


359734511 jp 
35973497 3] 
359733435] 19444 
339735396] 19445 


9413 
19414 
19415 


339736 358|| 
39736819] 
359737281] 
35973J 742) | 


RE 


3397. 


203) 19x 


jo 


Nem Lygarats. : bt 
2416 29738665 Lk 


39741431 


1359741892 


33974235 3 


9475. 3397428 14 
9420| 39743274 | 
71359743735] | 


359744196 
359744656 
43099745117 
43339745577 


01929746 038] |: 


2459, 9757993). 
559750459] þ 


FR 


9495 ne 
9496 359775407 
9497 
9498 3599776322 

99399776779 


359775864 


359777286 


| {95 329777098 


24122977906, 


CHILIAS 106. 


S 


Nam 


| _——— 


9521 
9522 
9523 
9524 


9526 
9327 
9528 
9529 
| 19539 
| 953z 
9532 
9533 
95 34 
9535 


GAO. wy 


9525 349788650 


Logarithm. | 


3,9786826 
3,9787282 
39787739 
3,9788194 


399789106| 
399789562] 9 
3,9799017 
39790473 
349799929] 
39791 385 
39791840 
399792296 


_ Logarithn. 


359792751 
35979 3207 


9536 
9537 
9538 
9539 


954] 


399793662 
3,9794118 
39794573 
399795028 


329796394 
39796849 
329797304 


3979 7759 | 
40 329798214 


by 
55 
55 


I” 
 — 


349795484] |: 
399795939\ 


195771339812295 
1957 


3669! 19582] 3,9814562 
4 {95 $3} 339815015 


5013: 4| [9535] 39815921 
IT ) 
{39800943} 
339891398. 


1959 39818186 


9556 3,9802761 
9557 359803216 
9558 Stags] 
9559 39804125 
9560 3;9804579 
9561, 3,9805033 

9562, 3,9805 487 
9563 39805942 
'9564 39806 396 
1956 5:3,9806850 


9566] 329807304 
956713»9807958 
9568|3,9808212 
9569139808666 
9570 39809119 
9571] 329809573 
9572|3,9810027 
9573\3,9810481 
9574 349810934 
9575 3,981 1388 


—_— 


Num: Logarithm. | Num| Logarichm. d 


9591. 3398186 39' 
25921 398 19092, 
9593} 399819544 
95 94 39819997. 
9595 '3,9820450 
9596| 3,98 anon 
9597, 39921355] 
9598, 39821807 
9599 [39822260 
9600] 399822712 
9601 399823165 
9602] (39823617 
9603 3,9824069 
g604' 229824522) 


[9610| 


9576 339811841 


339812748 
9579|3,9813202 
9580 2,981.3655 
9581] 3,9814108 


9584/3398 15468 


yore 


9586] 3,9816374 
9587] 3,98 16827 


19589 3981773311196 


19678] 


9588 3,9817280|:19 


9605! 3-9824974 
9606/3982 25426] 


9607| 399825878 
9608 3,9826330 
960g, 329916782 
3,98 9027234 
339827686 


9611 


| ———_ c_— 


9626 
9027 
9628 
79629 
9630 
9631 
9632 
9633 
9634 
9635 
9636 
9637 
9638 
96 39 
9640 
9641 


9612 
9613 
9614 


359828 L 38 
3>9828589 
39829041 


3,98 29493] 


39829945 
3,98 39396 
329830848 
9619 29831299 
9620 359331751 
9621] 3,9832102 
_ 349832654 

ery 33105 


9615 
9616; 
9617 


19625 


9642 
9643 
9544 
9645 
9646 
9647 
9648 
9649 
9650 


39834459] 
3,98 34910 
399835361 
3-98 35812 
3,98 36263 
3,98 36714 
3-98 37165 
3,98 37616 
398 38066} 
3298 385 I7 
39838968| 
3-98 39419 
3298 39869 
39849320 
39849779, 
349841221 
39841671 
3,9842122 
359842572 
399843022 
329843473 
339843923 
3,9844373 
3,984482 3 
349845273 


9651 
9652 
9653 
965413 
9655 
9656 
9657 
9658 


$5998 33556 
(3,98 34007 


9059 


9660] 


329845733 
[3,9846173 
3,9846623 

9847073] 
19847523 
79847973 
3,98 45432 
339848872 
_- 42 


98:49774 


: RX 
w——_— 


9661. 


6 POE 
"8 4 _ p ”_ CB 
3 EIS oh , 3; { 


eh 


CHILIAS ID. 


WS Ol : ne Eg, 
— dent + LON A 
ET A” . 


339350221, 
:13,9850670, 
259851120 
3993851569 
19665 249852019 
495661329 +5 2468 
(9567,399852917 
19668; 3593.5 3 366 
19669. 3,985 3816 
9670-3,9854265 


Logarithm | 


| 


9671 339854714 
967 2139855163 
9673 229855612 
9674 


339856061 


967713>9857407 
9678 329557856 


1968 | No 26rgg, 
$1 32936 2341 


9575139556510 
196761398 56.959 


9591 hn 686 


Num 


|———_ | 


9696 


— 


19696 
19699 
'97@C 
9701 
9702 
9703 

794 
2705 
9796 
9797 
(9798 
9709, 
9710, 
9711 
9712! 


_—— 


9713139873534 


9714, 


969; 


Logarithm 
—— 
29865926 


3,9866 374 
2,9866822 
249867270 
2998677717 
399865165 
3,986861 3 
3,986 9060 
349869508 
349869955 


359870403 
3,9870850 
399871298 
359871743 
39872192 


Num! Logarithm. Num Zogeritim. 


—— 


9731 3:9881575 
9732'3,9882021 
9733, 349882467 
9734 3,9882913 

373512:9883366 
9736(3,988 3806 
9737:3,9834 252 
9738:3,98846 99 
9739/3 $8 85144 
9749 3,9885 590 
9741139586035 
747) 2,9886481 
9743; 2,9886927 
9744, 39887373 
3745 13.9887818 


3,98726.40 
3,98 73087 


3,9373981 


9715 5: 39874428 
9716) 39874875 


19717 


9718 
9719, 
97:9 


5 9721 


5 le 
9723, 


9725 
97f'6 
19727 
{9728 


729 


730 


9724 3,9878449 
(3,9878896 : 


339375 322 
359875769 
3998762 Is 
339876662 2 


3,9877109 


359877556 
[2,98 78093 


3259379343 


39379789 


3,9880236| 


> 0880682 | 


745; 329888 264 
974717 29988371 
9745, 3998891 55 
9749, 349889601 


(19779 


19750; 
19751 


97 552 
975:3 


$9754 
1975:51 


A 


9756 
9757 


{9758 


9759 


3,98 90046 


3,98 9994715 
359891 382[9 
3,98 9182819 
3398922731279 


329892718 
$49893163 
2,98 93608 


3,9895 38: 


313398 583; 


339890 


| 39896724 


———K—C 
359390499. 


9767 
9768 
976: 

9772 
9771I| 
9772? 
9773 
9774 
9775 
9776 
9777 
9778 


9790 
9781 
019782 
9783 


1399897 167 
359897612 
3,9898056 
359898501 
39898946 
3-9899 390 
3-93899835 
329900279 
39990072 3 
359901168 
3>990I612 
3,9902056 
39902500 
399902944 
329903 389]. 


3598 9405312: 


3,98 944 98 
[3398 94943 


9797135991093] 
9798339911 374] 
9799, 35991 19107 
9800|2,9912261 


349882128 | 


E 


ms. a 


[9806, 3,9914919 


CHIUIAS tne 


"—A - p_ 
—_ "a F 
m— 
ry 


va” 


: + # > 


9801 139912704 
9802: 359913147 
GB8O 31249913590 
9804 3399149 34 

920 512,991447C 


98 36 
3837 
9838 
9829 
9840 


Num Logarithm. 


220928185 
299928627 
34992 97.6& 
259929510 
299929951 


98071: 2,9915 362 
9898/2 240915805 
98c9/ 339916247 
9810: 299916650 


9811]3,9917133 
9812139917575 
981329918018 
987 439918461 
9815355991890? 
9816139919345 
9817/399919788 
98181359920230 


9819 
9820 


9822 
9823 
9824 
9825 
9826 
98 27 
98 28 
9329 
9830 
9831 
98 32 
9833 
983 


9835 


98211399931577 


399920672 
3999211015 


39921999 
399922441 
399922884 
39923326 


39992 3768 
359924210 
359924651 
359925093 


(359925535 
39925977 


3,9926419 
249926860 


329927303} 


3841 
9842 
9343 


9844 


[2545 


"S 
SO 

+> 

RI 


399930392 
3599308 34 
359931275; 
34999 3I71I6 
339932157 
3999 32590 
39933039 
339933480 
359933921 
339934362} 


5855 
9856 
98 57 
9858 
9859 


- 1129934803 


329935244 


3139935685]|- 


412299361 26 


[399936566 


399937007 
39927448, 
329937888 


3,9938329| 


[39927744 


9860129938769, 
986213 
98683699 36 © 
986349842990! 
9864435 931 
9865 [32994 971 


9866[3,9941411; 


9867, 359941851 
ern 
987013,9943172 


399 3921 0| 


[987513,9 5 


———— 


Num Logarithm. 


9871[3,9943612 
9872 3,99440F1 
987 3, 3,9944491 


9374 9490 


9876, 349945811 
9877 359945251 
'987$|3,9946690 
9879,39947130 
9880 7 29947569] 
9881 2,9948009 
988 2 [39948448 
9883] 3,9948888 
9884 339949327 


9885 329949767] 9927 


9386 39950206 
9887 359950645 
9888 359951085 
9889 39951524 


9892 
9892 
9894 


9890. 
'9891 


3,995 1963 
(3995 2402 
399952841 
399953280 
329953719 


9895'2,99547 58 


9896; 3299545 97 
6897:329955036| | 
98983299 474 
9899 3995591 3 
9900 29956352 
9901 329956791 
990213,9957229] | 
990 3(329957668 


— 


99042,9998106} 
9905|3,9958545 


Num 


— 


Logaririns 


9906[3,9958983 


9907 
9909 


9911 
$912 
991} 
9914 
9915 
9916 
9917 
9918 
99 19 
9920 
9921 
9922 
992; 
9924 
9925 


9926 


9927 
9920 
997 29 
9950 
9931 
993: 
993; 
9924 
'992< 


359959422 


Gs 359959860 


3,9960298 


1] 991013,9960737 


3,9961175 
259961613 
2499962051 
33996248 

34996 292 

39996 336 

3,996 3803 
3,996 4241 
3,996467 

3,996 5T1 

359996555 

399965992 
399966430 
399966868 
359967305 
329967743 
3,9968180 
2,9968618 
399999055 
249969492 
3>996993O 
2,9970367 
39970804 
3539971242 
249971679 


9930 
19937]? 
993 
JS 
9946 


359972116 
499972553 
239972950 
329973427 
39997 5 864 


9947 


" 
*; 

Tho 
o 

+ $204 

< $ 
0 


CH ILIAS 10: 


21 39974738 
3139975174 


(39981721 
[329982157 
13,9982593 


359975611] : 
3,9976048 
129976485] | 


$]3,9986080 


Logarithm. 


29980849 
39981285 


3,998 3029 
339983465 
35998 3901 
39984337 
329984773 
3>9985206 
329985645 


329986516 


Nu 


| Logarithm. 


—— 


3,998695 2] 


1 —— 


997? 
997? 


349987387 
39987823 


9973 


9974 


9975| 


9976 
997 

9978 
9979 
9980 
9981 
9982 
9983 


_—_ 3,9993946 


39988258 


399988694] 


39989129 
39989564 
3,9990000 
3,9990435 


399991 305 
349991740 
359992176 
339992611 


3:9990870| 


| 


Num 


Logarithm: 


9986 
9987 
9988 
9989 
9990 


399993916 
39994350 
39994785 
39995220 
2599956553 


9991 
9992 
9993 


OO0M 


SIS 


9995 


399996 090] : 
349996524 
39996959 
3>9997393] 
39997828 


9996 
9997 
9998 
9999 


1Q0Co! 


39998262 
329998697 
3>9999TI 31 


359999566 
40000000 


9985 


339993481 


- 


"INE 4; 


_ 4» + 994 - 


ad. a kd 


_—— [ED © 90 vv VAI mn, , 


MA ao 


